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*j 3 j^> o^ J*i ($^ j^&t <Planck epoch d?±> ^xx x*xlx k-i^i U 
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cl \j tall ljj)fl Q^> !ju3 31 aA (jl u \ fl~ x i 4^li tiiLlj j-o o ulC jt l l .Sj^oll 
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iKAll dJU Ja. aUjI 1^ oLJ^I J j-o *u5ll ^ 
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ji dj ^ 6 JJJ^> 

jLXJj . 4 jL*JJ JxL 1^>- Jx J rTt rnl l ^jkuJ I *L-1L^ ^?>jdj 

iJjLao ^ .(JjLualLo (JlX Ij'V-i-ui ^Laxa*! AidLuxiL dlld 0 ^dd>. (JLal^-l 
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d n \ U II d -v \-v J^l l 4 \J l-Vi 11 ( \y A Pj^ 4 K nil I 6d-A> * "\ > > ^lL J^-JJ 

.4.wi<lt 
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JjuaxJI 3 j^vjj CjLiilxj Ji ^ 5 -^' J * ^a fl. J 1 6 jjj%x 

~ * » ** •* 

l>0 ^| 2 S_,S^ jj .iwSJI ^LjXll -jt&JI <> 

JLaJ.i iijJai (j ^ Lftjljial £-a t_jW tjl UX- — ^£-11 ISLijlixo Cnn l 

%* 

CjLad-ui^JI (j SdJde 4 xjx^x 1 gLLl jyjj±& 3 L^j>»L^J — ^kLJI 

jjjiul tCj\ j'uu 6 JX IdA £_a ^1 .o Lad-ui^J tj CjIjJJI 3j 

*£jdxll 4 j ^ 1 / 1 1 1 * ^ ^ ^vud 1 J? • 4->j 1^ \ 1.1 aIpKJ 1 4jjL ji Q I I 4 lA i flt ^l 

4 juoj Ja j-X Jx JukijJI jJ ii^JcaJI 

jtl 4 jJl!ill J axoj 4 X t ,„M<11 pL^-lQ_ 1I 3 jr}-k-i l$J ^ <4_iJlx 

** 

.-■ l«j.„ ? H non-locality S^Ui 

p 

4 xLaJ*J Sj^ldd U> a" ^ iiUA 3 ^ < 6 dLo-Ll dLxiA (_£dLo LoXXi .1 

. l d^- I 3° 1^-1 L (>l£LuiA LoXj Lie I J 4l I ^ixaj • (^iaJ I 

tial Jjull jJL 1 \ \ At 4 ixlDI oL^LxJI j-UlXj» :4jli dll j ^ J-^JJ J'- x ^3 

Jljd J^aiJI ( 5 ^ CA^ La J-u£a>« 3 

ol H i.>o LJ .(t^SlL 4_1^=» Jx Lo^xo 

j U\ 11 4x4*^Ul 4-lxa^ll . Jl) J aj 04x1 Cj LLx 

jljlaJl Jya J^J JjLiJI jLx^l 4us\i 3 (_pLfllil j^Jj L^^ia L5 lll 
XJ| l< .•'!< ■/> . gl~^~. . a.< ^ ,^111 Vaidman (jLa-uij Elitzur 

2 .<,,., M<I 1 pU>iJI 

f- * - * , i 

/j 1 \ ^ t 4 V /\*S. 1 1 pLjxidl IX Ip^-X. 4.U-U J_xJ1 J'X ^"^LLI 6 JX jr\XAX 

4 -Li^LJL ^Jjlaj p j i A 1 1 1 ^ xle LJxuj ^jJ 1 dll .IfiLoe LL^fl 4 -aj 

^ fy mlL ^a*L 1 I (5 jp < » > ll die .04aj ^jJI jXljJaJl L^x -Ld (^Jl 

3 j .4 xq^J 1 oLajiVtll j^e oLL^'iil pIojL ^LJl 

*• •% 
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^OJjLo -0 p !■*■>* A ■■<» j! i J\J& (JdO* £U^ 2 j^Q JUJJ 11 a Ju •>Al a3U 

La^LLcI i 3 J Luaa. > 4 _uLuul>> Cj I 9 J t^ <1 U >1 in 1 1 f£J| Ifv Lft pla^alll 

J<.r>V> c_a j-uj gan. jy>J> J-c. axdjiJI lV5 1 lo IjLi .JyU jl*J a 3 *q._\ oLLJ 

4aa*liLC <j1q£. l a \ Usjj i tdilj IjAj » 4_--». i,^. jun 1 1 oL>l_^J I ( J_c 

^ Wil li j\C - In i 4X1 A II ^j£X 2 kJ! fJl*JI ^yQ jAlj)lnll 4-/OJ=*. j^J P^uuJI jAj t 

*% M ' M 

^'» ^_ujLs I Sj^JLJ Lo <aLqJl)I aIa U3.AJJ} ,4j Qj fl ~n II 4 11 ^JLc. ^Jl 

» a ^jl dflaaa^ .((4JUJI 4 (Jl^aad)) jjl «4a^*yll 4lldJI 

. ^Ul K t tl*\ 1 1 4jJ_lLSjJI 5 j^oJI ^j-Q Sj^lijQ ptajaidJ 4 a^uLuj^!l 
J 1^1^^ I » — j 4 j a ti\\ Lo £woda (JjqI^JLj Sdad^. 4_i^Jlj 4a* L=* 4»<u Jjl Jl,w 1 ' 

^! Sdad.^Jl 4 jj> In \ 1 1 6 dA^ .4ji^ la.tl l (J^Lo pj^£ «4-La*yLl 4jldU ^_g. j} j 1 1 

m 

tuj-fcullll d^JI JJ JL^-o 4ajJba$ <Odalfia K nl£a,o Jl J^Hj ^1 da 

p 

1^4So d3 L^flj .Sdada* 4jala^a£ ^Al^Jb LflA.o i_v,l?fca <jl Jya ( 2 >SJ 

.j£JJ Oj^J' Jylll 4 ^jUJ 1 ilUoi 

4^jrt ni f i £ua^Lo ^j£. i ,UUi i ^j>iin <AdlaJI (J-^a 11 ^ 

4_ulAjJJ jkALI , 1 -* Os 5 ^? laJlcj .^^jluJI JIaJIj plajaUlj CjLu-IUjJI {j li 
olu^L^ll ^JlC yAj — 4-Sj d t q U \ 1 1 ^IaJI a ^ a j j 'i! 4a 1 

j a ^ J I 11 a 4jS J ^Juo £jC. j In i II » t^laaaxaj vixtl J_c. — 4a^ioaJI 

lal un fl II ^ ilfVwn t 'i! ^^jJI I1 a (^ll .4a^!^lj 4 ja-ujj- 

i—PJl^JJ ^jLiaJI j^aa i^>la^JI I ^ fl.la^a ^yJl 1 ,^ <ufl\ 4_flj^JaJla 4j./aa la^Jl 

M M 

4.0 .la 111 JISJL^II Jya 4 fl*\ <n oi 4. A A dll 5 ylll 4% n\ll ^lAj .4^aia 

jr^illl oUIaa jjL 11a .Godel’s theorem Ja^- iyA ^il 

(JfJ^ jr^laJI pljal JalLj — ^llajJI 

111 ^j^-fia lltod^. (j£ SaaLUl j-IG ^iJ ^LUo IdAj .4aaLai^ j*^L ^JaLtoj 

f, 

4a-oA*wll yja-tua^ .^aLui^ j**£. Lulal ^A 4a£.ljJI la^jld-o (J <JaL^JI ^jUll jjl 
i ft j ^> \ jj-o ja^l jAioiv ^Ull 4a*jjl ^ a (3 4 ^aall I 6J^J Saad-AJI 

‘t'd \ Ja^ 4 a-ul j&i 6 jryu.o:> J ja-ub jll Shadows of the Mind 4 a Li^ 

.£-jLg ^aL^ 


U 



(Jj ^J! Ku &a* LI (jl ‘La ii[ ‘ *LjO Cy 6 ^* 

£> jLfia it\ wa» <dU .6JX j^La (_£j-j^L Lcukl jjLLaa Jl ^jX^Jl ^_fl 

jj^a (J-ojlj (jl (j^-oj . > tlLul <L^jJaj 4^-o^JI JaaljULj 4 j » i« j ^o*bLll S^j&LIo 

** 

jax, I J I j _\ q"i < j . ^XLLj-o -La I jL ^-aJJ S jg f\ 1 1 Cj*il LvJ. l l^J *^L=v 

** 

(jj^a J-fl JaJI 4ajlxu.rv.jl jrvc pi iIaaJL 4 lo ajj^a (jj£a JdS (^X^U 4 jjLoi^J1 

■ kjj^LxujjSla olk^L. Jl ka.^11 illxU Jljk^l j klxila 

k_SbjJtj j^,jj J^L^a 4 4jJLxI 1 4joLJ 1 J^jLlL 4-LLuaa 4xLlfll ^v JX ^ja-uiaj 
4 4 1 a < 11 JaLaa^! 4*11" ^X-J (Jx SjdSJ! LgajJ ^aJl £tll uja^jrLl -LLaal 

. 6Ja J-^JI 4aaL\j-flJI 

«* • M M » M 

j K-Q ^li fcjjb ilLualj ixaxl (ja (^aa^JjJl IjA (JliL ‘j-o^l ^Slj 3 

(jl Juaa i^Luaa^l pLu! <Jj .v-jLSJI I JX 3 4a CwAjfc ^jJI £jLJI 

s * 

Laa^^ yi5Lxa &Lval Jj J axa <3 Lxwfrxi Ij^J 4aa-aji^Jl oLc-^-uo^ll (j-o 1 

4a-ujLtu^!l oLXaJull 4 L> j^UI oLuxL^JI SjXfl 4_L<aXbl Lk^jl^l 

6JJU ^LjaiJl aJL*J 1 xaaj <1 fl\c jr\aAa .^.xaaJLJl ^JLaJI 3 

S Ja Jav CjL-uaLj JJ \ xua ^ laa^J . Cj la-uh la jJJ ! aJL»Jl j)»a 

H ' 

£-a 1 a a lj)~ " 4 U 1 1 4a^a.j,ll (Jjli*. cj-° v5^ <jaJLxJI * — Lua^ 3). 4ja.LaJi (jo 

4_o Lc ^jLlq u* fJLJI |^i yt (jX*j jl .ij^L^ll jc.1^111 

♦ L^alj v— jlaxiaL^Jl 4av_xi^3 

i(J-iav 3^-o 4aajJ2vJI £j Lk. 1 jrLs^J 1 6*1 a (jl 4aiukjll J^AII jya ^aijJ 

oLi-LkJ j)A_aaall p\ j^AJl CjLqI oaA>l (j-a J. A JaJH (^ujLu'ill ^t-aiil (j'i! 

p p 

^yj^aa-tu ^aa 1 1 aA.wI a .(jyJjL^ll CjLaL^oul (j-a xaaa ^ fl'Jaav'^! 1 6 Ja Xxu 

P 

4Juu*aJI JLaa^l ^ JX. JlX jil^j jl <4-flldAl (j-a JJC 3 

J-fc LT^* U tn *' i^e>LJL 4^J1 KaiKai 4axuLiJI 

«• ’ 

dll J J-4,5 JxLjlII ^ (j a \ 4 LuaJI 4-5aj j 4aa^Jl 4a^aal^all ^-ybLflll (jl 

t- 

JLaJI jLa (j^JjUj (jjal t>» O' p^-ji 

M <% 

^LaaA^l 1 ^ .<10*4 O^LJ.1 3[ ^)LVll 4-Lja ^_jaJLoul ^ jvXa^ « l JnAJ 1 

cl > j vai l Oal^ 1 jl Lax LxuLul Culjjjl^ ^jjjL jryjj .f-laa javG Jlx. 



(jjj j l a i * iya tS^T^l JaxJI 


4SolAli d t .A a. 1 1 La^ .^jC^JI d % \ a Ip 4 ^ j-v i/^ll 4jljjJ1 4 la fl t 1> 

4-alLL-o d v^\ir_ a,1Vi 3 *X«vTl ^^ill j^flJI <j' 0 ^ A J *■ 4fl , l a JLll 

" ' «% 

p p ^ 

j^A 1 JA-j ^xA u£*l Jjl ^ tp'iJ^A (j-o l>^^ 5 • ^ObXj i * > L>l n -fl 4 flj.tajQ 

0 ^ ‘S-^ac 30^3 4 A^03 j^jj ‘g^^* 0^ 


JULjUJ 


^LjpiJJ ^LiJI i—Lfijll 4 a1c Jikj Jjl (j \ < aj La jj ^A ?o5> ^A 

Jljlk^l ^PJ-Lo (3 ^4i .((^^Ja-ujjJI)) 

%» 

LgJ g-iIL> 4juaA^I L>° 1 jt\jl£ Ij'-Ls pL>^ iQ 11 ^jl ^SLu^ <;4jL3h.^il 4JljJJ 

** 

>?3J o' ‘3^^ Lliiai l^K 6AAj .^Aj-il iJLui^ ^ j! 

«* 

.i iLj^JI I JA £jja jr^A.^1 (JjAu£l)I 3 CjJ-ljL^Jll ^A. 6 Jj 3 4-flLfl^a 3^ 

0* ^eJj l 3^ 3^ 4^ J >?3J 2^ ^ ui ‘3^ <3^3 'j^U 
3j •of w r^ JLaL ^'3 <_£jLaJ1 3 j^' u^L>jJI pLj-lAJI jj^I^Tu 3 ' l 

iLualLa 4 jua3 Jo^a=* g-mj (j- 0 0^33 toJla-LI ^j-o (_jLjill J^ju^fl 

p 

6jj-ua 4 a iAt^o 1 fljfl Pja* JS> slkjg 3 ' 3^-oj l_L^ CjLLLaJI 

gl Wi ml L>* JjA^. g 3^1 jAaij £-a lA^lj^-' 4 U, t" j a 

JljSitflj d^L^JI iiLlill r jju 5a xtujjJI 4jLaLaJAl 3 ' 4A>jJs> ~j£- 

6ji Jl5 ^JjC. ^laLaJs! 6JA jLxjl=*I cAfl^AJ ' .4_L=k.^Xl 5JljjLi I 

+* 

p ^ 

.ijSLjJ^I ij^Jilll ^ jjOaJI Ij^j Utj l>i^J o’ ui^'j 

3 4 \ a 1 33^ iJ^ 3 4 ^J3^ LLLs 3 ^ualjj^JI IjA JJ ^ * ^aJ lj'^ 

■IAaC- 1 S 4j jJriiJ I CiLiAoLjJlj pLijaaII JuA^lxail 11 Sj-cj-o ^Laull ^ j ^ a 1 1 

.j^AjJL 4jLa.^!l CjpL^ 1 jl 4_ilJLU 4 mAAlJ 1 jC La lj-al 33^- Lxu 



&ukJI OJA JaJJa 

♦ 


\ 1 4 * 1 A n jUL^i C5J^ (>* <j[ 

Cul lj^l£ ^oajLj^ jj *\ k ~i ^jal *-o till j^LXi)l L 4. 7\ .fl I I ^jJi Ij-A 4 x.LxA 

NL^Aa . 1 * A I ^ 4x.l^j J&1\ ^ jJI^ i ^jSlxLjm^ 

iol^^lxu 3 jjJ ^llj c^t J-oaJI 11a jZ I (jl aj ^ <idJj ^>£- 

dii . Jm) nil I JLo^JI ^j-o 4 i t * o 4 j^j J JJ JoalI 4lLu3 l$-A-S ^jLxo 
l^juodS Lo£ 1 45*^1111 jjLj C>i J^I^JI LlijiL 4 ,/i.lQ-^ ^A ^o L^ xi 1 

g 

^ * ' '■*" lx U^J ^ xtul <JjliL> J oLulLoj (J^ 0 ^" Lfl Lo tLxlx-S 

jJSlj (Jj .(^ fl la.ll oljliuil Jlc (£Jj <4juqJL*JI Sjlil 

^jLflJI ^JjLc. i JLS 1 Jyal jdiJL> t ) i 1 1 IIa (^J fl ub JlC Lojj 

.^^a."!jll ^JLaC-I 6 jjtlflJ ^111 P^ouJI t^y-oiaJI i-x . A . 1 1 ^J-C 

p p f. p # 

(JJ uJaC 4 1 tUII fclfc (J ,^1}! J$l < Lo Jx. Sj'^Lc. 

oi^ . <Jlfl ^ Ai*-> a>. JJ i^^_Lo c 3^ fJ ^_jU£JI <1* p l>^ 

I c 

Ij^J 0-S-~*.jl Jjl JJLJ ioj^lo 4, l.,m\l I <Jjl^.I ^1 cJ^Lx. 

Lo£ La Leu ■_ < Ia^ I t 11 a (3 ^>tj ol j%ALxo Cxola ^A>j <<Lolx. 4 0 >s\,\ 

^ «* 

JjlsJI jjjJI jjjxj olflcl j5 ^A>l Laj^ Ia^j^ .l^^-fljl 

«% 

j Joj c^jJI Jj Jx. 4 j1qjiJ 

p p p 

4-j |x^-xul Lo 4~t 1\ > j^jJI J^xaJI ^j-o ^olxJi IjA 4 xLxj-o 

1-A \ i Lo^ .^jJL La (JaaJ J ^Ul d 1 t-V in' ^LiJI 11 a j 



(!>-* Jo »,H oL»j>_ufl 


c & ^ ^ 

jjuu^o ^1 3 -* Sj^uIoa 6 ,.w~i ll jr\C (3 4juCjja1I 4vU>LA "|j J K ,~ Njl 

3 c L^aXI Xsj J ^-Xcu JISJ^I Ac ul) 

4» ** ** *» / 

Shadows of the j The Emperor’s New Mind j jjslu&j 1 3^ 

Jl5L:3l I 3 -° 4 \1juo 1 j-tuj ^ aaj Jjub^t Cv.x5> ^5» tjj-ucJI Iaa 3j .(Mind 

{ji 

^-1 ' " ' Q jj ' 1 1 Ifl -ifl jL<jl» 3 A ^ 4-J. \ I p 1 1 & AA 3 4 1 1~> -~w v I i 

4 1-U \T. A" II 3*® AAAA (J£Jl1ujll1 (jt 1 A * La lu jl J .dJj (J-SLCj > A,,o 

^JbIj 3^ .4-ojSU! SaLLI 3-'° Llsl^ 13*-^ -1 »-ju l^i\ t4_AjjiJI 
j_-uu lljli 1 Afl (J j-ij 3y*jJI 4 jAj ^yd Ij AS yAwjjJ ^aj j)5vJLa 

4jC. 4_ujLcLahj 4 jI^jL^_aj I j\j& 4j 3->^ tljJj 4 4 IW1 1 /jjs SjllLa^o 

^yd jAiDI Ia$-> SaIII 6 j.A y\_S^j 3 

,U '° ^ ^ ol^Udl 6 ^ cu 2 Jt jS ^ ^1 

( ) LiSLl I 1 AA (3 4-cojjJti. I 1 Cj^> 4 tj c ili^ \S ^) ^ ■_ t " v 3Li * AAj 

jj t4jl ,jl t— fllx<rn^ll (j-o 4j1 (£j\ dJj Jx. Ijjj .(j-ojJt 

L$JU- ^JlX 4 J 1 3 Ijjj SLfl aUa AXo jtvjJlj QAxj ^*J 

^jl JaA . j^aJLj 1 <X tl JljJ 4 X xx) I j Aul^ ^^Xii <Cx>l^ L&£ 

«% 

3 -®j} .CjI j^LJkl 6 JA ajAAj jXo CuA& ^Xl! 4^^1I 0 1 j j). 1 ^,a „1 1 cJLjA 

Jlc SjAiJI L^jaJj <4 >i m <4,j1oC 4j^ao t Q l^)jj>.ia..i.l I 6AA (j\ji 

6 ^aLIXj L&jA LaJpjACj oJj, L=»- ^jJI 6J A.'sJU jLil^^jl 

M H 

« J^^ju 4-^dn ^ j ^ ^ - J -- ~ n Llll'i " ■ l~> J .4 ^ c& 11 ilLaJI (Jljil^.1 
J ikUl ala J j^jl ^,1 ^c. 0 i/Mj .pLiiill j Schrodinger’s cat 

Jjj-i *^9 jJLusiJI (3 < 4jaLH>q ( 3 -o LcujA <4jX_xiLa. 4 lo Q 3 ^ 

3I 3^ a * ^1 ^ tA (^yu-aj^! Lfl_ila^ .jLddl 3- 0 3^ 1 -A-^ a. 

3yl^ j 3jii viu, ^ ^superposition ^! ji 3 6 aa jLxJI S jj 

Sl^J jbxQ 43Ltn-Q Lcl^.. 1 jl,> J-uaAj ^l) 1 ^ 4iXiJJI 3 tlft ^ ^ ^ ^ 

(JI^-ojJIj 3 v 3-o 43 ^*^ (aa oai ej -(Sjj 

pjtxll (j[ 34 ^ jaJLdl 4 L 34 -S AXoj (^A-o (^1 jl l ^A 3 ^^ 

S 3*Xaj^jl 3 ° a^JI a!c P(^l oaj 3I 3^°f Jaj ^LLxUI 


N A 







~ ^mi 


jft S ra > J 1 1 JlsJ 3j? .(JI^-oJI I jib 3 *- 4jL^! 1 II j »u <^o4l ^Jfllj 3 

^ 3^.111 ( 3,3 .<G^jaJiJ 1 6 J^J j-uajL3^0 y. J-^ 3 -i t( jLj^JI I jib ^ 2 >l 3 j^^l^JI 

(Jj^a. 4»Ajubj»_3 ^ya 4_£lLujuq 4 Jq-^^LIIj 4 ,\ i.^^i C. 

Ruben Louis Goodstein 3 ^ 0 ^ <^^1 uvjj iSw^ l^ajj <S^AJI 

3fl ■*■<> * 4uuoib^!l 3 4->l3 *^IILq U ^ J-fij ^jl^JI 3 ^ vx^^iJI 6 jib j . \ *\ i 1 ^Lc. 

p 

ill j)jju!b ^ijLa ^jJL ^jJ-aJlj .4_a^}_fl oLuiaG^JI c-Laic jri£- ( J^c. 

*+ 

♦ IgjjLflJI ^jJI 4.jh^ll ^plj Cjl^oLa^o 3 U 4 I Jjj aJ 
++ ' 

4j| 3 3 * A M ti lljsjll I jib 3 3jUI t4j^l ^yCl 3*^b^.l Lo j^l 

jrO 3^UJI J?k II JiC. 3 j£JI p-Lijj^ jj£. 4jfljjua jA,ali JjuLa*. JLa^j 

jj-a 3 ^ pji>. < *“ jC H 3 * 3 ' ^ ^ pJL*JI jLUMI £_luI^ ^JlxJI pLjjjjs 

pLjjjuflJI 63 a 3 ^ <3lj — 33^ 3^ *xyu jl>. 3| 3*1^ — 3U*J1 13a 

^jl << 3 i 3 31 iiLia^L L, S 1 1 / 11 I La K >31 1 $ > ILs v t Sj ^. fl-flll SjjJ^JI 

«* ^ 

3 < Ll1c. ijjjct Lot. Ijr3^ < Q 1" "V "\ 4.a,iii 13 3 ^ ^ ^ 6 Jj Q oil pG 3-3JI 6 jib jl 
S^K s-I^-oj 3^. Jlc. 33a.3 1 3 ^ jl ^LLj-ll fJL*JL> *u^LiJ 1 ) pG3-3JI 
331 3^1 Sjjo^JI c-Lj^il 3^uAr> c3^_uj *^13. . 3 SII L^ijjtj 

«A ^ 

P 

. 4j^j jj C-ul^ l.a.^.a 1 va.*\ jl ^ (^1 j^-C- ^L-giLla L^J 13 L^_a 3^-°- i 

£-jjj JJj^llLj) jV^-oGjJI ^g-flJI 4_3Uu3a 33^3 3 ^ 3 3 JJ 31 W II | jj 2 > ^LuaiI^ 

l^p-al ' (_3 GxjjJ .(^^LjJI (jfrLi ur> 1 1 ^ -a ^ ^ 1 1 6 JLiwLuj 3 ^^?^ 4 vjAj a 3 >Q 

4 * \ vUII 6 jib 3^ 31 iaJI 3 ^ 9 ^ 3^ ^3tiib jJJ lyG-a 

^ — ^3 uU u 3 ^ I J^jb 3 ^Lcu v v i tiiLiiLfljJI bjib 3 } 3 j-^ ^ I j** *** s jj 

■f* 

^jl^JsLa^o OjaS Cjy^ I A » ">n 4jJc Cui^ ^ jJ I 4 mfli jAflJLi ^Li v J I c>jjS> ij 

• v LsiJI lift L fcilc ^pjl 

3^u 4 . u l^ l i - a. 1.1 1 ^ /afl > jLiJ 4^Axub^ll 3 (^j-i>-l 4 \ ±Ao 4^G^ 

LaS[) 6J j)fl fi ll pL 343JI 6 j-b 3-° ■ WOwit vm L3xi >3^ 3^ ^J. La-tfl 

^31^ 3-° 4a-*Ajljll 4_jjL>j_y-3l Jo^^iJI La5 t^Ljjl Cx 2 >-loj I 

p ^ P P 

4 j ) , s~\ X H Sj tyu~\ 1 1 ^jl ptxol^JI ^yA SuJja-o lift I (J^l nil I 

i4j,nlfl~ill ^u^J.11 ol jl-ijil jUal j 111 It JolilU ..Luaj: ,^1 4 itu,LiJI 



u-° J£*JI 

<L su d_^-l Uil ._tl*ldl pi^aJ (3 ^33Li ‘^-1*^-1 liLxlo^ <lj^-l 4a^tf£ j^C- 

«* 

* . t «• 

Stuart i^ij^xiLfc Ojlj^ u m j j) nn fl^j»iU j ^ \ fl j t l-> LflUoj ^.jll 

(J^ol ^i c. <L ^lckJ) ca aj 4 * * <>-\ * 11 4 j^ ^ ^ 11 ^ujWIj (_/>-* -\ /<u <Hamcroff 

(Jl^j L5SL»» cJLjX <jl 6 . 4 -a j*^l-l I Ja^j^xJL pli^JI 

•u^' Lr ^ J-^ Oj^ ^-^jJI LLixfiJI 

.lilkj O^J' ^ >4^ Jj 

t j J -lj La J-C. .Sji^LaJI LLuixflJJ JJLxa ^jSlI <J| ^ ‘c£>^ 

jlVU l (juxSU fjC Llj .4 h m^l aXl jAi>> CiLL^d ifljA-0 c-JjiLlL Lijl (_£jl 

M ' 

Joiiill 6 jLlLc.L l jA l a j) ,ss % 1 1 -— Ijjfc lj| La * fl LniJ^^l L3 l^_1xa 

C g . K A»l l »jl j Jx j^l •<£■» •(* | ^IWI ^jLiJI 4 -% J 

.jA^SlI d iin il O A 1 4j2_iJJ SljLi i fl l/"ij ^ ^ ) 

Jr*JJ 




Jj^jl Jju-Yftll 


j \ |JL& jl&ajJI 


(Jj gjj U>\ rv ^>JQ pJL*Jlj ^^uujJI J,5 % J1 jA 1 JA <jl J*l£. 

(j Jj-oli ■ . {ja Ji^all ljufe <J Ll^a. ^jLs i j-o'J! <J$ 


JmjbQ 


^LjjiJI UJLLau ^ISJIj (Jjllil ^M.^ft.ll c j^VLjj .£^lj jjlVt.a Q-a ^JLsJi 

fc» ** 

4 \ — \) J^Lildf (J (£3J^ 4fLiib (, - c ^ CU^ ^jJI 

% 

Liibu t jJLatjj Lo J$ Jxr 4r ^ t3 OJj 

4_sJjuLl ^ol^Lil ^ fl jjLC j£jl , * ;l idlj f^jA ^jLLfl 

j\.s j«5 j ^jLujLI ^LlxoI . 01 l^J uu ^lll 4jLajJaJI ^LaJj ^jJI 

<LuLjuiiJl (jol^flJL ( ^-l* w JLaJ (J| ^bjLa^iiJf QUljJJI j> j-uj 

QruIjiJl ^1 \. ^ 6^° <j£-b >a3j jjIaLa 

wt 

£j£. Iyu6k li^LLa.1 *- jOLaJLa 4^a iAJ I jUajJI 4juaj|j qL^j-LxlII ^SLa_a 

t qNLT4^11 do \o_~*. jjui aH 4h\ 5 <(jUajJl 4 JLu^ 4jL£kjJLuj <J a*C ^JX\ ( ^JlJ 1 Ola 
(jAiLuJI tiiij JLta. OjlAj jj, * } x 2 Loj tl-frliJ LuJ 6 aJLJI 

M 

^ jJI <0-1101 (JjuslIsJS <3 (_jO jOLli 4 * “ i aj jj I 0 :V i^y* i(£yt>UcJ\ 

M W w 

.^j^jluJ! JjLaJI O J^jJLa (J/Vi-O* 

oLjJaOl 4 JlL ^aLijxflJ aJLOl tbjLaJal v_Bj-uj ^Ij^l IjJajj 

** 

OLc ^ ;,£. ^LlLs : « v^*Vll j t-» is-A <4^jXju* (J^L<au ^jJ! 40aLijJ. ftJ l 

^o li l kO J ^JLOi jjbj ‘ j^>-^ 

tu jjl PjmQlLI ^Loj j-a'JI 4 fl^ii -a. (Jj ,4ji^\ljjJl ^LLaJI ^Jlc d£Luz> JJ 
Ju oLollajo JXr |0LsJ! /|| iljlflJI jlalll 4^_a.j 







Cj I \ i ss L jJJ I |%-v &U1L lj-& ^T% a I i a ^lu ^ \ \5L 1 <jJLa^JIj j^AJI 

p P 

4-j j^*.±r\ 1 1 4jI la> * ^-oLaJ 1 ^Aju ^jl ^^dJL» 3-4^ .JaiLfl 

3 ^ <3 ^ ' j < li j) 1 ^ a jjxuJj 33 1 ^JL*J 1 Ijjfc Jjl (j jLSH^i 

^jxjLojI JlCj tJaiLfi liiUJ CjUila b^jUlIcLi 4 ojuo LjJ 1 ^ V ^ 1 oil 

^Lujja.'^I ^Jlc Ljlxu L j 4iLu3 JJ ^uoLj^JI ^JlaJI (3 ^SLflLxJI j^ .a j *4_ijj^JI 6J-& 

.(Y-\ JiAJi J^\) 

p p 1 ^ 

^ I oL^LJI j l* jiil ^1 3* fl^ll ^ fclfc Cwnjl ^Ij 


<— XJL 


^ojLj-LiJl ^1 ^UjloLjjJI A.h.,a a Lflj ^-£U 4.^.0 -lv J I — C U C.I 

' M H 

3 jjSLsu ^il A1& 3 * iljLu j4^l (JUJI 3 j 

£, ^ ^ ^ 

dU jaj tiijLjl SjuuoLj 1 fl vK ifiJj ^aj)^ ^ a 4jjj dfl^i ^JLxJI 3 

iLoiU 6 jLu£.Li <^3'^Lo ^*3 J-c ^-JLaJI 3 (jj ) ' ^ 

<*_fi jj-uj j) t(Y-> ) Jlx T jl 3 La^ Q Ixu * LjJ 1 ^vJLc 3*° 

6 ^‘^lx. <JiJI!lI! Jju^iJI 3 4-a-j-i^Laj Loj 3 ' * Laws 43 -wuj>I Luk,>l J^-uJI IdflJ 

. J jj'jll U* ^ ° ^ 3 J..i ^ 1 1 La ^ l^>i> a Lkji 3^-xi^u 4jl 3-^ 

4* 

^LuaLLa ^ Jjl> *■ a ^ <^JL*JI dJjlxu 4 la a*^LI 3 6j»j J-aJI 3-° 

aJUJJ ljua. fl.fi jl^ 1 a K fi -c Lla ! \"1 1 ifijJI 6dflj cj L ijua L j^>J I 3 

^JUJl 3 ^ >1 Lo£ LL j 3-i^l LjJ Ioj 4 jti,iUJI 30^5 3 ^ 

<oLu-oL»jJI (J^oLxjJI ^ 1 | LaJ ^ a .uj ^^5 Lujii c 5 i» , 4 lll 3 

** ** ^ * ** % W ^ M 


YT 






Y-\ J ^ 


cjLu^UjJI ^JLc 31 3*^ I ilLaul liAg.s Jxc. jlj Lo-l^j 

.4a-LoLijJI ^Jjfclillj 

d*Xj e#^’ J1 <x>^’ Ue' — 6^' 

«t 

jjJ 31 LAjIj 3 ' Q * *> J-oLxjJI 1 \^ lfc 

l(£ — N JLsJI (J^-to 3 ^j-uJLiLLli 6 Jjfc 3* jiaj^ 

3^$ <4„iV^^JI ^yixiLall j.^Ji^j <3^ <7t II j^Ji\ t_jjLaJI 3 

3} (JSLaill (Jiuojl 3j < (iiLuill / j> ill) <Lul5Lo (jjj-uLLo ^>o L^JjLaj Lo 

d t-^UIl cjIj ^CLxj ^iJI ^^JLu^Jl 4_ixo^JI ^jjLUjLflJsl j-%. > j L ujJI 

«* 

4juic J^llcu J tiuHJI ^2)-° 10 ^ 3 ( jjuLia 1I JXoajj .4 ^Lj^j-£l11 

M 

^Lili Ioaj <chronon I jl cL^L ^uLLo 111 lx. 

«« «% 

^ ^ p p ^ 

3-va <a ,J~C. i O Lcka-tuz>J 1 pLi^xfl 3 ^ul \ fl <0 ^1 ( ^ya jXt<a 1 J-*-J 

p 

Jku ^resonance <>u jJI ^ ^aJI *!3ax oUv^ll j^l < JtiLI 

jLujjljJI 31 3-^ thjjiLS iptj 10 ^ Sjl SlxaJI Jxfl 3 ^ 


YT 






r-\ j <a, 


p 2 ^ 

^oaJI Jaj (JSLujJI JlcI t(ju^uu Lq^_jJ| jLmJ 4 juajJI ^ ^^jJI ^ * </T> ^o 

.^j Q^JJ ^l_2kJI 
«% 

(JjuluULII 6J^J 4 i»lkil oliLuill J £ f 7 i. l l ^j-a ^oj^II c-uL=Jl Jji 

6J^-jJI dlj^L (^ojJ J^L^t J (iiLojJI 

iJj'SL (j-ojJ ^jLa j)flQ-ll <jl dAj J^iaj J j ) \ n 1 , 1 ^-lxuLoj^I 

^aJ! CjLijJsauJl £i-aj La die \ xio Jl^u (jl j*vVn dlj*iLj 

•* ** 

4 _xjumlJI 4 ^| — L*-a J.x ux\\j £*u\jl\ 4 _xj^Jo_x-a £ya ^xJL*JI <■— fr^u rvi 

* *. \ ^loI^ {j -0 fJUJl pLx^xfl £jC- j ^jJI (^Llujulaj^I 4 ^oL*JI 

CjLxjJajJI 6 j-& ^ t \a" die ^ .J) i >A (2>-« fJUJI c-i-jj-i-fl > Q < /V* ^Jl 

i 1 /\__laju Lxul /jl -v v < i tiLi^Lx ciLx^Lt (j\-uaLaJ! cd^Q J? ( j 0 i I jii *Lxx 

it jvu jJ^C ^ j^.-a> 1 1 fj\j (JjdxxJI 3 J'bLa^l d a~ * J < J^jLluJI { J^ - J x l l (jj 
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3 j^u-xjUIIj ^Laa^l (JY2 u 


^aJ! 4 -aLulII i -I'nJi LoJjX 4-flLux^o jl ^ojJl j^aaa i p^jucJI 

- 3Jj 3 d .All cj Ij I ^ 

^^a jjLaJI (J*\ /nil 3 4 lltdl 4 f\[ ij to 11 ^Luia.^1 ^.Laa^.1 ^^Ijrla 


10 


27 


j j| — CjL<q_x iiia^Ji 4a ^Juaa3 (jjjJI ^ a> Jl — y\-LI 3^° 10 


-15 


j-fcj ‘JLaJI (3 4 u7-> J^jl S*JI uLai ijlil (j-o 

«k ** 

-£^0 ^a Jx p^jAJI 4x^ il jaC. Luaal 

«% 

3 jLaa^H Lol c^j-JuaJI ^LSII (^1 tj^-iltll <3 taJLfl^-o Jo^bla 3 ^ ^l*v\A^U 


To 





1 !a n 3 I j| f^j^iljl t a i <r \"\ \ ^ (3 Lo 1^31 ^Ua.^.'^Lo I'iVC aj.S cl iAo If 

iijliLilj lol tLuouil oL-oaxul^JI \ j J^Jcxi 4jjliLo 'bL-ilx jC 1jl_» 


t - 


$■ ** P 

Lxal ~v 1 jtojlj 2_5l^Jl 3^5 ^JLj (jLs jL*_il (J-uIjJLq-> 

jAj .o Ujni^l l f 3* J^l cJ-° Uj^ f ■ >** t>° 

^UQ 3 LaiJ^I 1 j-6Jt <J InGj 4ja-O^J 1 jLxj^L 3 1-*- 1 V Lo_Lfl 1 1 

4±iljJI djLJ-llsJl 3*“ ( jijLxll u!jJ-2^JlA J, 1 IjX 3 s5 ! 1^^>-£LJI JJQSL 

3^q-> <J*S 411 ILi LoSv ^Juxll > a£ - Jj. j^V> LoJac (j£i <j^=h.jU 

jl 4JLijJaJ (j~ u * •* ^1 <3^^^ 3^ Li-aJ LxaI 4_3j 

jjjlujLS-ILi 3 ' * ~ * Lo Ij-ft ^ il^lt tj, 4»*xLkJI 1 * n,a *i 4.n<3-M S 3-flJI 

p ^ 

jLublt 6J-A JjuCJ 3^-*-*-*-° 33^ 1-Okiifc LljLua IjIj Juu 4 jSl ,1 <4.^"\ ijlcjJJI 

3^1 3 , 5 ^-^ ^3JI jLox-l JL^l 3 M ^ iSJjL^JI 

^1 1>* Cj 1 A > J! j'v^Sbfll JU^l jl clLj^L 4Juijl a 3 ° *3L*JJ 

** 

4Jl1L» oLu^^j j-*^1 4 0 \Q%. 3 3 _2 *“ lS Cy°3 t3^ JLa ^^ j-*£- 
. a ^Vvll 3 3^5^ LijLi <4 jujl1I 4_uLlo^l11 > 1 "■k. I Cj-aljLoj * 33 ^"^ 3 

jl 4-iJlj ^Lai^.^1 pLj-ii j-o SjOLlq JxLjGj ^ 31 

£ «* 

3^5 iSixj 31 p*^ 3 j ^ 0 ^ o^i 3 aJl ^ t^Xdu^ll 4 aJLj 

cjLuI^JI ^ i^Jl ^Lux^.'Jl 3^ 3c^ ‘ o I a*\ \j I&jJlI 1 > > 1 <n"v 31 

. U> ... ~ -v Cjlj jaIx j 3 ^"*^ ^1^ jU^L'ill 31 4->J.^,JI ajj^j 

< ?4„flJla M 1,1 ^jjjjuLfl-ll 6J^ Jx. 3 . v pljjl 1 -a 

M •* 

c. 1 3 ^ 11 — (o— \) 3 ^-^^ 3 ^J' 3 ^^ 3la1c 

^ ** ** ** +% 

ju J j^-u 3 c 31 j-^jAa jilcl 4 a^a 3j ^La^I 

30 LJJ *- lI^I Li 3 ^ iC/i jljt-ll ^-LQA 31 o 43 ^-^^ 4.A VlJrj> iljx 3xu3 UlJI 
- 3 j ^ 1 - 3 lfl-4) JruTi <n 1 4_txu Laj'i! 1 31 ^Lui^ll 

3^ a 1~ ^ a 3^A^j aJ^jLliu llil pLj3-aaJ 1 ^ic 3 4 xojLlu^! 1 4 l^fl \ll 

’ M 

p mj i^Jlxit , .|Uci_Jl Jjux> 3ji.<n.ll «CjIp 1 1^)11 3-0 l-l^ 

cJ j-uj j *(°“^) 3^ All 3 (j,-*^! W31 ^Jl 

j^uLlil 4j^ Lo-q^ 3^all 3 3^^< 3-° 3 a 






•* 

S (_jju L i.fl- 1-1 JjLsuj U 


% 

R nit.^ 4-JLoiafc.l^ 4_t JjJ.flj 4_i^laj * ) 

« 

' i 
*TX 

s/ 

(j^IjLuujI ju^Lq j m . i 'bl^J 1 > <n 11 

*» 

S^LalJ j^JjLS^ jyWfl C 

o-S JLz 


cii j *L^_1 (jSLflJ ^ Sdd.rv*0 4 .UQjoIc. ^>bJI 1 ^ J j lfx. L /Q 

# J, # 

tl 1^ \ * 1^. \^A Will L j I.qJ jlj . <o ^o*ll ' <1 atJA <« a ^)<».jJ 

P ♦% 

(j^-<ljl I \ lS ^ U All! \ 1 11 £ L 4_fi_Jyfi $ d JA rt 

1 ^3j^jua ^ w * ill Jalbu 

^jJI Schrodinger j-^j^^vu ildLs^o ^*uuSi ildLa-o ^Idbl-tul — lcj_uli 
«* 

/s v y A j — — 4 i /i^v i I L^llU. ^ a <<>*1 — - 4 * /\*C 4 /s^ Id \1 4 v\ 1 * a 1 1 4_IL%J1 t*l ^ 1 m ^.*C ^ t 

La d b\" die ^abJI IfLuK.t^ d-»da*j JlC SjdiJI |^de J fi-Uv" j .Sd da> a SJdLxa 

^oill (gjf\ “ill (JJQ edda* jbdl dUd ^jjCul^lIA^ i ia.Lfl ^yjLxi j^LLUJ 

^3 Idfc 'db Cy* od^ll «. — & . ^ ■ u. ^JI (_$ j> * . < u il I 

H *T 

.^lHI JxAflJ 1 

«* 

Lajld till dab . ui ijUalll 4_a_q.i Ij SjJal ^JLxll jl ll^Jaj ldj_ 

^jt^-fljl 6dA ^ *4jIJlU SddawO jrVJJLJ ^JlJI L^JujI J-L i 4.,^Ua^JI ^L^j-LflJLs 

«% 

(Jla^all (J^^-ui^Lo 4^^aJI JbLiIu 4 >^v t nt^lSLlI 

5 w %* «• 

J*Ul3 ^jJI 4-ualbJI 4 v i^ii\H 4-jjJcil L 4 * * xulJi i (j^l juq LU I ^IajIiaj! 

^ M 

4_i_> J L^yJ I t-^o *-a ^J^oLxll ^\ iLoLaJI 4 v v^_li\1I <6 jA .aC. 1) ob^-qjJl 

^_c \\c. 4jIjl 11 4-JLe i5d-» ^drvt I 6dA^ ^ 4_i^_flJ1 


rv 







^^Ajl 4_ijj t S>^ t / 0 — ^ ) J< /M l Jx 4 j maLfr 4,loVbLa 4-alj 

e ^j^b f^' t> J£ j (((j^Uiil iiLLaJI)) Jl SjU.1 ojjjl 

P P 

Ju^fliL ^1 JjucxJI 1 .^ t iS'^Lc. 4j I JX jJL ^jJl^JIj < 4 .^. \ /hNK j j 

4*xfl O jL2k3l i— flj-tu (_£ jJI cJUJI (JjuoxJI (3 4llxAifcl <J m i^jLjJi 

** V* 

.^LiJJ 4 _lLL 5 JI 4 ^Al q" /..!_) 

4_>^ lA \ \ 1 j.fl IjjJLlo *■! > fl ^.t ii.fl < JLaJI ^JjL/^.flll 4 . lA- llI I Lol 

L^jlA Jj ^ 4jjlg>j.ll 4 i a iK \ 1 1 ivsLk LoLajj^f aLuj j) 4 jUuujlaJI 

3 lie J .<Lul_jJ>xfl IxJ>j^1 £jC Lo jjJL OJa!i Liu j 4^liJ| 

LoLol — 4xu^xlll t4xl3jpjJI <jjiajJI J I ^jIa-oL» Lsuq ^laJu 4 jIj_l1I 

^ I l^u/^o aIj^J-ujI — 4.jj <nl.ll ^^Jal 3 (JLaJI ^X Lo^ 

lJ^JI Sjxll ^tJJaj-oi.1 llx ^jl i^a / v * wMl 4ja.^ ^Jx^ <(ULa ^jl^-ll^ (jLo^-^) 

^ja 6 J\A Sxj <4_ill ^ ijJI 4_ulLxJL> J)l*, ij LaxA C3.rt3.il jjxfl ^ja 

3 Cy^3 J? ^ * 1 l^- f-Lijxfl jJjualj . 4_ol_xJ! 4 i i /.>*> 11 ^jjlxaujl 

ybj (V>) 3 Llx JIq^q ‘^ 3 ^ ls^O a* Lr^' u^O 

M «* 4* 

^ jLiiaj pliAfl ^X _>LLo «la^ 4jhjtj <Luaj 4 o xfl (JSJ 4 J-C^l 4_x-xa 

Jloij <4xiil jc, au.II lax j J 1 q-o iEuclidean 3 -space jLsuSlI 

^<iLaS[ U^ 0 — JfcJiA\ J^-C- 4JlaII — 4_ul ts\Q H ^ul^pjuJI 6 JlA 

.dLLZ^\ ^ojLauI 

%% 

ii 5 il jx 'ila 1^11^1 ^ Cj (jLfl I 

4 -^-i^aJI jjx Ja-jj pLj^LjJI 6 ^.ia uJaj La irk.!r>-^ n 3 Sj^a-Ki 

,_. al * ^IfCo JjJI a .^Jl ... J^_cLJL 4 ^ L 1 4JLUI 

L j^ £-i-u dLljjj ((j-ojJI jjj-a j-c >SI 3JI 4 ->yUlfl^ll jJallll 

l^-> ^iJ! 4-iiu^JI Cul^ 1 A(g a — 

v* 

4 »1 aJ, II ^tj| ^JuJI ^J^JLuU ^ ^ i7i { J^ t ^ | I 

•chOJI jjj-^ ^jajIxSJ 1 ^ > 

jJcu 4 ^ (jl \ 4uuaLiJI 4 \ \ mill il-txi u I 4jjia^ 3 

P 

t W*^lj <4x11x0 4 xojLujI 6jj) w* 43 <4xlL=kja 


VA 






1 ^ q! a » J_iiLcu : ^aJJU. die. N tJ^-<-u 

d iila Ja^JoJxJ 4.5 m\l I 

Lo^ ^ujLuj^I! ^J^l£JI P^oJI U3^ •£ ^ (J^ ^ L>* °^ ? ^ojL-lu^II 

•• **•»** ** 

(jja ^LL jjiill > -4 T\ "*>>■"> i. k\\ <4aiijjjJI iijikJI Jl JL^JI 

** 

SLo-tuil <_ t*^ ljK-ll dill <4 AJaiilll i-Jjill (j-o Lxtolxul 1*3^ f s 

d i A I I JajjLxlL> 

J£,*itll 4lt j\Jtil dill JajjjLlt JojjjxII U 

** * •» •* 

j d\i± A 4 die Cj^xj 0^*3 ^ 4 Ap^" > ‘(V-N) 

m 4ft 

c.L?.^lt Jilijj — cn-** 6^-°j i i £•>*»» t J*J cd*" — 

<P J}jlAJ 1 it jJ^X) JjA £jjdJI dill (2h° 4-iJLAXQ 4-AJ^-utJI 

ij m-a! ^jlrTuin t(u i A i fl. l l V- \ 4 i i I I d^x-U 

4t d jh X \ ( J^uu ^l^flJl (JNLx. 4^jj_*ixii oLx^ll C>1 jLai-Q 

t> Uv -^v /\ ^f Jj^JLujL) 6d& 4-u^uxll CjLx.^ 11 4^^2fc. (JaILoj Ji\ \ , \ \ \ . g>^,i ^a J I 

*>JI <>jJI JLxa ‘0 V “ N J^ 1 ^ j ) ofc-0» 

4ft * 

(lltil d .Al l JUlll (jl ^LlKil ^l^ldux^ll JaJa^Li.1 

lllU tiajxJI >■■ J^woJI (j 4 _jlAJ ^a\ 11 i^ lV xll JLxJ! 

QoJLfli JjjJjlj JlLal *(l) ^-ttLflJI (V— ^ J £ mi l (J ^tiajJI *3^ 4 



k * A ^ xJLsJI £ 


X 




,1111 

(3 



,1111 



oK-jil 

0 ) 


( l ) 3 <^ V » 1 da "v ^ja j 4_1 L = k . ^ : V— N ^ J *\ <Ti 

•oKil ( v ) j > 6^1 


<jl 4 s jLs-j^J I Sj^-uaJI (3 * 1 o.Sj> ^jLCaII 

** 

4 * in ^Ll iJLUl CjIjI M ill I Jl (lj J^s. ^ 1 ) 4_Lx£L) 4 1", a" a A \t * J 1 1 

UjLLlI OJU (jIIaIJ iiiftl £k*ftl jkis ^Jl (oUj 4I jl) ijS^I 
*^J£LjIiJI Jxl frjfroAll 4Xj-uJ 1 fi „\ ki Lfc^Uobfll ._sLxul JjijXi <^jl^J 

(3 33-^-- J 4 *^3 » A H 4jlJu^!I CjI^)Llu«« 4j^^> 3*^ *3 

‘ur\p^' uPP3^ ft»3^ ^3-*^l -^33^ Jpj P lP3 

P 

^ ^3 1 = 3^11 J 3 k Jx dP llpj pjoAII 

** •» 

s* £ % P 

LaAjI dA^3 . Joiu-Uiil ^3^-J I 3 ^ ^yi-uULl^ ^ L^z3j I 4x^vuu 

6U3l 3 Jx jS^il Jt J-ixj 3 ! ip^AJI iaJo^U 

** 

Ja^jL^-Li a-ujLj jpA-ii ^ya c. ii itLij^ <^^lli 

H 1 M «*> 

4^jj)-tAll 0 ^ 3 !) 4 K 4nl^j u-laIjII 1 g. iflliii * oLojLdl 3 ^ ^ «^AS.Vll 

w •* 

~ki>=^ ^ J^ cA 3^3^ J! J- 4 -^ 

3^>3 Jx^j 3 4 ja^I >_u£ 1 jr\J 1 jJ^I *Lljj.3v 1I JajjLk-LI (Jxcu 

(jK-A^I 3 pi maJI J-a-l J!Lojj t^_i4-ujJl ^/GtaJI JjXa. (Jj-oj (j^aLa. 

•» 

JjLIj (J-Laj 3 ^ 1 * 1 a Jx j /--*" » 3 * 3 4 Ja>A-i 

(J^flJJ 4 L /11 ^ .S'j.'s^ts 6 <^A— N (JSL4L jiiji) ^j^jl^JI Ja^jjLlI ^jUaj 

•* 

4>° 3^' ^jyjxi Jilli j-il^Luu ^1 c^i ol 

M " H 


r - 






mUI (3 ’, A~ \ (JfL ill 

< 1 1 /o d jxi. u<k j! Minkowski ^ 5 k . * u. fl j^Ju.A a-ujLj 

m «• 

3^-*Q-> ^5 3 4jCl11^0 JdLaj (3 4-Uj).*Avll JaJjLiJkl ^^j^IjrLl 6|P> 

d i Ko’t iitll d^j jaAll L^JajjLk^a 3^^ lS 3^ pi <n^ 1,1 

.Lte 


3-diu_mll ( 3^jubJI Jajjjkll iJ^lj 3 -0 SjLii»l 4_il ^_ili!Luu ^ j[ Jjjfc 

■ 4nt mil 1 \\* 9 Jaaj ^ jpA.lt IsjjiJ.! 3^ dljJj <4^jLi. JJ 

«* 

^ILII d„L^^^LLL> J 'Sb 1 1 4 11 4-q_j 

** 

3 ^ * 3 j 3 UI o-° Ca^^ 5 JL&. 31 3^ 1 1 j t 4 ^ij jpA,l I iajjLLisLj 

JLc. t4 \ \ Mi\lt (3 3'^^ LA 0 ^ ^Si X$ <3^ Q ,>^ J^L^. ^Ifth-vxi lA^ J^i 

3-olj-^ oLi jIjllia Lfl-d-fl JjLcuj ^jJI 1 4.1 u^j-d 1 4 jj.ln>v)l 3 Lo ^j-ufLc- 

«% 

3Gx yviU 3 !^"^ 4_iiilji,Li 3 ^^^^ 3 Lu^lJli t^Af^LA^ ^y x ta J 

3*-* ^ ° ^ LaAjLijixIj Lo^j 3u^aL=JI 3 j 0 Ia l ^ ^yAj)*\.iiiA 3ljj^_» ^Gxllji-Q 

** 

j^l d q >q ^ 3^9 . — ^ 3^3aJ! 3 ^jlojjo ^j 5 > U£ t 3 ^-° 3 ^^ -jy*~ la^-Li ^ ^ 

Lo 3- i „A a 3 c ^=3 3 1 iSS' " l A 3"'° l A BV> NL1 4_i till Sj-i-c^c 4_fl_j^Jc“ 3l-u5> 

6 J-A 1 iljp j? <Lorentz transformations oNL^d d^x jiku 


Lo^JLo ix^o^ll 6JX t 1 3 ^ J L *_) 4c.j^A-vAt ^.a.au Lo 

4 c_ J ^y.fl.fl 3^0J j *4_uaLkJI 4 n \ m\H 4-ijJajJ 3 j LLuU_»I cJjLllu^I 3 LAjuLujI 





J £1 ^\ji\ 


^lill ^31 jL\ 



4_uoL^J1 4-lauxl 1J1 4 ^ji iV\ 1 1 Q il^ ^al^jJI 4jg.<nj.1 ^O-ua^J (JfLu.i 

L&AJ^I 4j \,Mi\ 6jJ)juTV 1 ^lillj J^>ll jl i 1-i. U . O J^l 

«» 

^ 4xoljjil 

.^r tMn a H J t^-iljjl u^I^aJLI dloS 


p 

Jia ^3 4_uaL=* ^4 ilv^) 4 X^a^cs I^jI Jx 

P ^ 

•iA^ c^' 

%* ** 

p ^ p j# p 

^isu 4 j/pO ^Vt 4 CLJ A ^ 4»LoXl LaLoJ dljjj (jl jjuiS.,)! 

juju 4 1 \ jpAl I iajjUJI oJ^lj J Jjxui Lo£j i ^A,n > Lax iia 4 a 1"^ ^ 

>_ vQ 1^1, | jj i"L&.a cdj I L*-jo ^ <3 l ^ A,< 1,1 L*u^l l » >.i£ 1 jrLl I 

3-a 41 «jJlLI 4-ijj uall 4_3Luju*iJI La^ J x^ jJ £-j jX-11 £ La 3^^ 

{ Jli\ 3 Li <jt£-ajJ! jJaj UaLj <*- L\x Jl 4 ^nl 

«% 

Uj j i I £_a p j) ■> \ 1 1 1 4-uaLaJI 4 *1 1 *. II -Ls ^JaLftj la Liu Lb 

'<« A_llrJ t_l ^ai-fiJI ( \ * — \ ) ^- i <4Xi-i Lo^ i^w^X-xll ^J^jixJ! 

j fl-tVi j (4n»fl Jaliu (j ^frauJI £-S(^a ^A2 lxII JajjjiJJ J^Ja Jx 


rr 







(e) 


a <u,fl II J tpl a aulU ^jubIjXI Su^j 4 -lit-A^J ^L^ajJ I N *“N J£Ll> 

* 5 VL i ^ iAJI Jq^^jLJLI ^JXr a j).-vjlJ1 IaaS^ u^sl * t (j5C-<tJ I (I) 

» «» * 

JiiTuj t ( ^ y J j>aA 11 Jaj^>a-ll £-0 jJoLflLJ Jal£j Jut pljj-uJI ialSjJI Jj3j 

^ Ca^L^I d! 6-° c.ljLMI 

4* ' 

ijjLLo 4 jlij L* <C j^xu ^fcLajJI d^Li. ^HJl v_j-fll^>l! <^juO^0 

P-Lft-gJI d ^-Lol^o J£~oJI ^yQ C^) j 1 '^^ ^ ^ .^iUI t, fcfll^-L^ 

.^iSLojJt d 4 \ l3l/> Jaliu i.Cic LqlAIc <(2rULflljli JS L&bj 

4jL»j«laJL pLo-loJI Jxoj <jl 6,.U.^v 4 JL>jJo (JSLmJI ^luaJI Cfy^J 

^1 ^jljjJI £x la. * a xaaJll JaLft *u^ll J^j^Ia ^j£- ittJao ^AJ^b^ 'bl^J L ft . «afl .> 

•LjW' j^b^* £* 


J^iiaj ^jJl) uL> ^jJI 4jjlauJI 4 jl5J1 ( Juc. L^-JUll ^q d iaLli,V3l 6 Jifc «-^J 

W «fc 

^ ji_> ^a-t 1 < » cilLlA J iajjJ (J^b * (4-t^Lft' <i>JI 6^5Lli Luoal Lfl J 1 ^- 

* p. * p m w 

ilLlxi i Li LaJ j^£[| 4-C^-uu_» <4j^ljil 4.j,i a au» 


rr 


It A pLi^jlA 


^ j^alJI {S^ ^alaJI u-A^lji.1 IjA^ <1 _XjQ g-LcixuJI tfl iQ ^jLi5l^j ^l) I 4 111 (3 

4_5^Lo_ojJI 4 v5 11 ( JlC 4,fl.lal o ^-ubl^o J.'laa L^al J a, a 4 a*V . 1 (L&l^p ^aJl Ifl . ai fl a 


jX_ujla Lo ^A I1 a^ 4 (< ) jvmfl .ll ^ • — ^ tij ^Jaal) 

is'iLxJI JoLi-lLujI 111 ^o33 cS^Li ^ya 4x^a.^o tdllAj .aberration 

6ja t^y 0 *** - ^ b j 4 La 1 a-i^a^a 4a ^I .a /.uII 4_laJ1 ^jLc. ^L5» Lq 

«% 

LaI^* ^lll 4a ^L q-luJ' 4_l5JI *_o IaI^P ^lll 4-)^ Lq-4jlJ1 4_l 5J1 j^aLLaa 
■ 1^ ^asLl £^^a i ^y ~>*"x 1 1 fcl A jaIaj dij (ji iiLui^lla t^v^H 

Oi) 1 jl L\5 La j <taljjJI JjC. L^al^rUaa *-a jjljjJl Jjallia 

^ 4* 

. j-lSlI i Jalj^aJJ LAjI Ij^. A <jl Ja *il L^aLfl S^>ai J J$Luj { Jx. pLo-uJI viU 

J& 1 11a L$a ^Jaxa ^Ul 4a*a£JI .iuu^J i^UJI iUla iia> 

J£_J.u (^Ul Cila 4^>U^J1 <jl ^rva^l 4aaSll 4 1 j 1 fl 1 1 jj)K mil 3 1 ^,^-u^jLujj 

(N *—N) JSLtJI j-i ^ <4jLiJJ 4-ualal Sja-oa J \ *Tn ptajalll ola-ojla-ui 


^-ajj IVi^A.i jJiljJl 3j ilAj^-aa jLo ^JLfll U nt 1 fl * Sj£ ^ i it Q I I 


^lId-xuJI 11a Ja. 1 ^ t-^1 5 jnl 4a, Qa^ ^y 0 ..r\. £L j ^xj <6j^JI ^xIxxju ^JuC. 
JaLLo^l ^y ^j^aJI IIa^ t^J^-ajJla ^A Lo^ i^a^laJl i_oJcxflJI 

stereographic ^jljax^a JaL5_<ju^!l ^1 |\.,<u^ 11 JaLfl-tu^ll ^-tula t_i^-*a 
4^o^_ujj 11 j>al ^ jJl Us tiiaLoJI ^^LualJl (jAaj L^al projection 

£/k a LaljjJl 5 *ii\ La!^ ^K/nll jLc. 4_laLa-a Jat (J-C- 

Lc>5l; tur Lj^!l ^JuC. I ^ i lal^^Jl ^jC. Sj^ll jjLt 4-a^Ao^il Cjlaa. a >all 

11a (jLfl 4^1— Y J^aJI jilal) ^yalUl ^ (JajLgxflaJI Ja^aa ^j^ifllaLtu 

M 

jljA^jl ^yAj) 4a^j-o jl jX-la 6jiJta 4a^lUI JbLflaJl jjj cT\ laJ ^aaa JoLfl- m ^il 
Lli r w-,,;, ^Jl jIjc-SIIj (a^lj i_JLJ J j=JI (> ^1 

*4aA tala'll I jliiA^lt <_jatax ^t_L^_<juJLj 4_uoLlJl Jal.5\ll Ja Jaxa (3 

M 

.Riemann sphere jjLoaj 5 j£ ^jjjlI! ua^^Ul SjUl HaaJ 

:4aaSll SJjIaII (J ja jJl Ja jaxa Jloaa iCjla-tllajJla ^LoIaI ^al 


, aw + ^ 

xr — * u ~ 

yu + <5 


ri 





jMjjjJLj jil^jJI j^.r^ll I j-A ^U I J_l^. CjLijioLijJI frl aIc ^Jju L^j 

9 

^Ujlj I J-4> {_y a £S±i iUjjJI CjLuL 5 i jx. -Itvq L^ 

g-ll^ 4JUJI Liila^j *Mobius transformations ^L^* 

l^-ljla^ J-lc. ( jj^JL 4-u^LkJl) 3^VA3-I 4-ljiL*-a 3 Jua ** ^J-o 4JajaJbLo JJ _Uq q 

.XI ^l) joLaJ.1 

.i-uaUJI 4iw„\ll i* >1~J lLl *LL*uJI 4JJL Jl Uw.II ^ 

JjC jA_C Ijj^j ^-\.*vll 4_mljJ 4_5_»^-1 olJ J^JjcjlA Lq-^S ^Ikill 4 jlS^ 3 4_l»\Q*t ^5-^ 

«% 

<1 JjibG j&l 4 jla ju^JI ^tJuAj t4joj^-uJI K aj!$[ a a 1 1 LfloJLa JjUil £-jjJI (Jj 
4 jj-Laj j ^uxu^l jLc Ladle — q 1 .a < jl Culu LjJLcj 

4jK /all 4 JlLoJcJ 1 Cul£ J^l ^-Irv i4JaLuJLi jLm j[ Lol^l ,"vl j^aCI 

4lafl.A.II &1*& (jl d^-J ij-a'lJI (3^9 1 1 J jjill ^y> jA>‘ 

.^jjll <Vnl 4jy mlj jjLJU. 4 1 1 un JyLj 3 4_»L*JJ 4 j2^-loI j 4r>^ II 

4j^jal £ua jol *Vi < 4^U1 I 4 1 1 / .til l 4jjlVi > JIaSj Loji llll^ dlldi 

<4_a1j ^a*JI K l5k.il! 4_laLuu jJ^I — Sd-Jde Ijl ^jja — yJLau 

group ic 4-j^iaj ^Lucul (_^lj 3 — oLu^LjJI ^iv> 4^»^.j 

6 jib ^iLs iL&j\e 3-° 4 ju^L^JI 4 _iaxujJ I j-JLxl — theory 

«* 

LiJ^a£. 4oj^-ubJI Jaj^LaJll jrAJj Liam Ll& ^ ^jtVJI 

5j)la.a. j^l lluoditj Idbj .(A— J^auII 3 Lo^ UJa>juO 4 Ajj-L^jj 

JJa 3 4j^laj (^1 t^ylXuU. ^ 4-oLa»JI 4_u-mlJI Sj^lj 

4mij) 1 A II iaj jUJI SjJcxlll ^jjq 4ai ij-olq Sj^jusJI OJjJ (4 M ujL^JI 

LL*_klml UK <UjIj J^L^j^SI^.(N>-N JLfi. ^kil) 

(jil . Jaoujl oL^>UjJI CjJc. <Liu^k3 
4_A-ubL^JI jjjuaJI Jj^JD La tj-ijl J tX. Jl) La (jSlI 

IjrjilC 61AA tJLa. 4_jl JLcj ttliflJuJI jl 4Jal nail £yi oLajl^-Vllj 

. Ljj^ Jj j, a u,i La^ t Jj J-^j La 

t4a_ijL=wJI ^j£. (^LLoujI 4j^) Iqj.I 4jmLaj^l oLa^flJLLi tll^Skjl ^IcJ 

«* 

( N V— \ ) jC-mil 3j liilL^J JfllijJI I J^jo 4 v-tnl /ii^jl oLajil I 61 JA Jj^-3 






vti ^l^ojU Sj^-*^ i N N N JSLai 


d t->l a ,.. l e.1 \W <3 |^jj 4»a£ jj-C t «\"w lifll r (i) f-uiaJI 

P P ^ fr 

&3a < 5^1 ^ 6^1 tjri*j-o >=^b 

4-ojLLo LlLbLaJS 131 43l LoUu ^ ^ a j 4^Li <*^ 

C.U&J OJA I3|j t4-*uij oSjJI (3 Jl 3 ^-ux^pu jjjj^-aJI <jli 

*1 U 5 ,.. t Lq_A j ^LSlI >^jl J| jJojj CuSj i( jj^y^Ji LuJUw 

<J£32uJI 13a Jj) <d-aLol (SJte J&J iSJ^ ‘^-*-° 

p| j^i J-C.I 4jjul-o Jjufl ljryaL£ J^3*j J3i 3 I fl <“ fl » 5jS-flJl 

jjlj 13a <3 *<3^13^ (3,3 • (^ 

4 pLlclcJI j j * /n * lV* LU_i j^i pLai (J^j ^ IajIj dS-fl t4jL*-li 4 juLlu 5 jaUs 
t Ja. jJI I 3 a ^Lol pLusaJI 4 nfl m 3 I "v . * i <jr\-i-uaJI jroill J> J^°j 

.^JJUJ 3 illUI lul <i->LLll 4 .^ 6 ^kUyi ^ dlkj 
jL^u)II jjU^u jLul* Ui <4^1^ S ^ iujLJI J\ c* ^ 131 dJ3J 

^1^ pLfll3.l ^ ts \\ \ ins tjo^ 4.^ t il ^1) 4 -xa^.^I! 

4a^.l3 ^ya .^JSl^JI (3 13 aj 4jj 3L^JI (^ld*-*l 






Ajaa k£ ni i j) il vlLa» P^cJI (3 * ^ ^ “' ^ 

l$Ji ‘(v) *3*-" jj -JSU.1 IJjj (> (jJJ^ 

4 »ujLaJL> S^jLLa j-lC * 4 a Lo I Jr)!^** ^jJsj cl iAa II 4 _l!^ja pL^xjqJI 

«* 

.jOxj La Jx. 


S>S u' -^J 3 — t* 31 ^ ul uel^Ljt iijJii 'i 

M 

"IaUJLo iL-ii 4 aS ^li ja±j U Jxj — ■ ^ i l aJ ^pJI jjA iujUJI 

«* M «% 

.4-ujUJi jII jryLi 

^ja ^>J 1 in win I^JjB ^jill dU AjSl ^^aCJ .Jaxu La ^1 4-flLu^Jlj 
IdA^ ^I^ajJI ^la>la t 4 Jl 4^.1^. (3 LjjI 4-xfl dUu 'il Laa j-W 

jj-axllJL qLaoL^II (j-' 0 fU^Uib 4 j^ajlq^j La 

tiuSlI <J jLaII 3 \jLqjj ^jm\ 4_l1c. cvS llr^i (^<UI (SjIaII 4oa£JI jl) tensor 

^jJ ^ WC I <JjlaJU ^Lajj jjl^lo j^uxxj oUjlo^I (jA ^ A , iL ^3 

*» 

JJlC £a 4jjS|I iljUIl 3 R (Jj-oj-lu 4jl I J£. 1 a ifl 4*1 a i iir> La till 

i qJIaij tJaLflj Sjjlj L^jJ! jIALIj (JiLm^l 4 _uLvj ilj^ll 


.Bernhard Riemann jjl$3 ^ oL^L^Ji |JIa Jl 4 j-u^ 


TV 





>=* 


i.^1 j Weyl curvature Jjj 


0> ^ ^ Lf 


A »» * LaAq ~vl O -0 


4 JjUil IlijJ ptjuuaj a3 ^03 < Ricci cu.rvatu.rc >j j ^ ^yuxu 

3,U,U^-I l 

44 •• *4 

+ Ji9 = j^iJ 

R.... = C.... + R..g.. 

Jjj ^ . .aVi* <jfc R..J C.... <j* £-*^^5 

-(_£J*-L ^jc g-- ‘ JL^J' J-*- 

•» “ I* 

IjL ^ ^ J^9 LS^“ 

*4 

4jl j^Oju jl dLit ^JUUJ JljxaJI Iq_4> j£. idLa^l iijAi *? jj^Jlj oil jry Iaj 

*4 

<4_u jLaJI g-l Q"\^.L r> uu La ojliA jl jOdJ <cJ 1 1 (J^- j ^Lu 4^>j j^ 

j^s 6 j^-J L I "v A g.1 >Afl U (J^-J (jl LLo JJ^-U^Vll .LoLoJ 1 ^ ^ l/*\ (JXLlJ OjJj j^J 
jSlIj /c . 1 .Afl I I 4 juujjJL 4j^Ltu iuO-iil 4-i^>llll ,jjQ <CjI *n I I 

44 

Ijjj jjiJt Jlc I I * -LSi pLubiJI 3 SjSJI 60 A jl'vj u_s^-uj SjIoaJI (j 

. vVcl d 1 1 A N t d n\ H I Sal (j d a \a Lll pLa'Si^ V^l i M i v mi ) Lao£. ro» yO-i-i (3 

j^JsiLa j>a yGllJI Ioa u-Luol ^IjI <iu2aj}il 6 j£JI JuC. 4 flh.^a JaLflq 

4 * 

oU^Ha^I 60A uuxiu J <( JJJL_> Jj=4 J| (^ixull* 4jl all cl 0 iVs . 1 ‘ j^AJ 

♦4 

I a*\ iL^Ltdxu * 4 ^LxL v^vJ cjI.oj II S^SLl (J^jl^II (JSLmJI j\jlx^ 3 4 a . j .L L J I 

.(1) ^ iuftll (\Y-N) J£., uJ I 3 £*-^ 3 ^ 3^ 
J ^jJI 4-ujL^JI 5^S 4 Luj^ Sj^JI JSLdj (3 jrj-ijJl Ijji Cj J i ^ J 

44 

(jj i^J-S'ill CjLoa-tu^JI ul> (J-C. (JaXJ (^aJI^ (JJ. J^l 

4* 

> <^11 j d a li^ ^Lt / 1 ^ \ f . X ,\%m ti l oLaJuAu^JI dtll Ji^II 4 ajjL^JI 
/ d t 1 4-LjjL^JI d -v J jC. 4^^l Ljj^. ^>-o^!l ItAA 

H 

2 ^ 

1 > A t l 3 IL I 1 1 ij) 1 i^v i \ Nl^v i'I t J.'vTi J S^^JI jr^-XJ 3 lj^ <_^J-ojaj^ 

iJU 3 c! ^Aj <huji\ 3 ^axuJ jj^Jlj ail J^b (> ^1 Ioa 
<oL L j ^ (> l^ji Lu o^jJL qL^lui ^ Jl ^)A,EjL (JIoaIxuI 

I A 1\a olixLaJ.1 j ^L ill J^C. 4 -oiAj SjjjUJI ^oL JLJL ^oiJJ ^ / I I ^ 


TA 








j \ Ju «m^!I (jA-ij ait jryl3 (l) i N V N ^J^-cu 

jx) SjLIL 6_^3t J^iaJS LoXX (<— >) .^jjLiuill 4 jC. ^vuJI 

.4 ll^vl J 4-xJl A^fc-1 id J^U ^O-AJ t^4joiaj^JI 


j^A_Cl1I ^jA . . Lt^-SJ I ^J^jjl ^ la JLU Utia4J 3 j t pi fi\M^ I I jx I 

JJjlj j 4 k3l^Jt JLc jLpJI g r U / i l l *4xLpl j 

j ~w t I I ^ U /.i |»t * xaI j| ^1 4 jLlu j\j Lx! I I3j5>j <4 3x la \ x \ 

a£ eljj ■ xuaJI Ll3xj 1 43l 4_ uLa. j| ^yjjLa. jx 

sT ** 

• IxO^J ^3UI (JpJL*-!1 

J-GLj a Hi * 4 4-uii3 ^Jti 4_u3LsJI J-GLj 1 1 Jjil 1 J 1 J-L^J 4 ^jA 

(S^ *(J"*s3 * 3 A (J^Li. ^jA 4-iuiAiLutl 4 _CLu2l> j^-iljj I I3 a 4— < J J.LI 

\ tl 1 / < i \ 4 I a^J^ <^jLojj (^3jv3^o C.... £ ^aJI 

aa^xj cuS 131 431 <j ±*aj Jl ^ajj ^ p ^J I Jx ^aLp- jy^ 


Ajpvj Sj^JI a. ^)li CjIaxua^ oIxjtvaj (3 ^jjaall 

* ' «* 

.SAull j L>1£ L>£ Jiieu — 4JI SjSJI J it jryu j]| — 

^ib 4 Jj ^t-* ‘t« f-*"^ ^' t ^ - 't il £y> *>=»-ll 

•* ' M 

<j! <jl f* 1 11 ° 1 1 ( N V— \ ) JSjsJI 3p 3 < t jx ^^-fll33 

,"t"v 4 t^tl — (l) ^ .it q 11 ^ L£ — (J^_auJI (J-fl-i.u I ^jl ^ja *^aj 

4_c jyju j\ Jli A-o 4 oLoj-ai^JI S ^ ^ g-iuualj wav Jl Sj^ Jilj 


LtilX (V=^JI Jj3 ^ * ‘ ^ 'J) <(Ja.ljJI jl L^jfela-jlj oi- ft j MI-v JI 





Sjlil jljiA4 JJdaJu 3 I 4ujl^> ill 

** «* 

SjLuiu^ t^ljiJI (3 ^-XiO^ll ljjfl> 3 ° 5 jtLXjuS tjivlj 

3j: oIxljjjjl^JI ii»u ) U£ J..Vrw> Labile — 6 jLLI <itj^ lj 

3*1 tmttl ^Juuaj j*u L>^n3 *g) 3 JI <3 £-*43^1 ililjJ 1 ^ aLv.*aI 3 J-^-l^l 

IjL A J-C l$uc j£u*lll ^UC 3 j£U 4j^>i*u lujJ^ 4-“^ 

3<0 1 \c JAX. jJ ii-UjLaJI t 2> £ - ‘GjjJcU ^jjLLoIAjI ^Ll£ 2 4uju£JI 6 OflUj 

3^ <■ ^ JLjua^i 1 ^jlSLajJI ^ oLuUS Jjtj ^HJI jJLaJlj jll Ciljrytu J^La* 

^A^la ^j^LaAA ^ja jjo'ill I Jib 3 j 4uA4ftll 3 1 ® ^Si^JI 

^jJI — jSLmll 3 1 jU iU^~t Ijla ^ ir \\ > j .jLau^ll ^cluj 3^0^ 

ia^Ja^JI (Jjjoa ^Ull <xuljj 3'° <iU<J 3*-® l Vifwft > t ftC\ >cju3^j 

^joiajIxLq^ Ja j) II 6AA L^u j\Julj 3 I 3^*“ AJ oLaxui^JJ 4u1LjlII 

«% 

iijJcu 4 -axuLujI 3 II ml il 4_>jJaj 3 4 dJiJj .3^-®>^ W Vl 

Jx ^IaIaSI > L^jjS 3|. 4iLua^!lu <jLxj^I ^cljj 3^-°3^ ^ 

.4_LjubLjJl 4jua»Liil 3 ^ j\£- ^au 

«* 

4.aJbfl 3x> <LoLaJI 4j.Viiu.ll 4u^)JajJ ^jLj_m_u! i_sLuu£t £cj^Ij ^^Ja_i_j 

aLc 4_uLg_JI l^ujj^jua 3 ^ 6JLA 4xlxua JLflJjf t <Ca.fl.ia 4u^'^LaJ 

I jub 31 ^ 3 ^ <4JoA. , ^LaJJ g’LiAA.I ^1 1 flV-U .^1 

<4uaIuj-laJIj) d k in.\\^ 11 ^ SJLc^Jl jJljjJl 3-° 3 j^LihJl 

4JoLLoiLj ^j)jvui! i ^jJjJLaJ IlJLuj 3 4,a.iu ujJI oL- 05 -fl-ll 

4u>.V vUI^UI 4-aidl^JI jlifll^ 4 ( N V — N JS!-i ju jiajl) a^auaJI ^ fl l\"k o {jjjyA 

' w 

3 ^u pJ jilj 3j . 3 K-Q 3 JI ( ^WVo 4 _LusjJ 4 j« n l r>l l 4-i-LH j^Iaj ^1 

d r_ 1 >io \j ^ ^ ^lc <1 U. -^Sl 1 1 4_Juutj ^ l a" doll 3 -* ^ ^ 3LaA 

A 1 34 3 ^ i4ujL^uJI L^jj^jus 3 ioL*JI 4 u.ahiII iijJaj 
j!a>q ^_jl j^fll jl jj! ''il^l t4u^irv\Jlu J}1 4 Iri^Ni <\11 4 uxoLuj! jtoLx-q 4u*ilu 

iiLuuo o jr3u j' iPerihelion r a AuAaJl ik2u 3 ^ jjtkc ^ ^ 


IaAJU ij ‘ u ^ v ti 4jafld ,j-o 4jt yUl f-ljjl <3 ^jLulajj >^ua.»uJI Jl Lfl _ t8 4 t-t fl > »_j ^21 

.^JoLuJl (3 Ij-U 


1 * 





<udLJI jta3Lj JNLa. ^j-o j\ mfl*i 4J Juaj_» (^-> ^jao JLC. <Lg-x£- 6 jLxIul 
Cut^ Jfi.i? 4-oLxJI 4 JJ iiU.ll 4j^>Jc2kj Lol l j^xJLj ^jxLaJl 4 _la3^juJI 
(^3) 3,^ II 4 lr> ft j £ja Jo^adil ^1 y'-sN! <iLuuo 3 &jL»j 4aLi 4Jaj_j LuHj 


lA. ^ jy Al l 4_ju£jNI CjI^LaujO 3 Cjifrtla3l AJI C.UcVa.1 d)j 4_fl l Li 

jjl't'v > >jl 3-*3 l L&jLS 6 j\ fl.m 4 xa1c ^ > pl^aJ o \ xoil ^Jt> IjUb 3 

aSj ^lx (JxlaAH ^ > Arthur Eddington 

Jia: a ^ c\ J| ^JUJI IIa Jaojj jj .^1111 jLaII dij 3 ^ 

dJUII ^LjcII *0 ^ 1 — N JiLai t^jjLLuUjI 4x Luj Lo £a 

» ft ft ( # 

4_Loxa^a 4-ujLa. 3 LflJU-<hj JjX LLa_>l CjIxLuJI j\mj £-3 jp (3 Nix a! a 

4xLu £ja Ucul < j5v m j j^-au ^1 x-j^SNII 4xLJI (^xjcqj tiflUaJI 

Ijjk 4 jI Luba I j^jJL jjJaJI ^ja j <JlxI (3 ^ ^uub ^-o 

tJjNLlaN!l Jx ^rpljJI 4JUU >jLjlU 6 dA 3^3 ^lfl dlj £-oj < IxujaC yGlaJI 
<jl 4 Q laa. ft SdjJX uL ^J q 3J 3 < ^- xv *J 4-»Lill 4Ajuflia LojIj CjI/uIxJI Cul^ J.Lfl 

.1 g mflx gaLliJI I 4 J 1 C. 

<jjjJL& (J-uaa. jJLfi t N ^ W ^xlc (JjLa (J^LaU jdk3 «- ^ ^J! 3 1 ^jJL ja J_a. 

3 * iLuiL*! Lo^jI j^.1 jx. U$J Sj^U. Jx Taylor j^Ll3 ^ Hulse 

0 1 13> i \ jJ^o (i) ^-jjLLflJI ^0 — ^J^-inll . 4-J J-3 fljjl jlC. ol Ja^vdll 

3 -q Ijjb cj\ jJ^jo 03^*3 <PSR 1913 + 16 l-3^jjuo LuLii) 

djLa_aj iilaSJI JjLfc LcLa3 I Ag \ <0 J£ j\l jlj t4^jjj^aaJI ^ j>.rv. xl I ^ja gj3 

*CjI jrLo^J-x^ 6 JX ^jC. Jjjj ^ 6 ^-la.fl <ljx .Lo ia Jl ^ ^jJj^ 3 (j»«o mil 

Lx^lxi djrtJdl iujUJI jLui* 3 3 Load! 1 jjjjj 

Lj^Ja 1j»uU>Li> o ^ILax LoAda^ 3 ) j^3JL» (Lolj Lt^Lxuj Lj I jj j 

(jl (JjuaTi 4 & CjLcIa ut\ jr atlij Ujjlj oLaaxuaJ) 4ai ^uajLja 4 jUlJJ 
4 1 ml Jo.a-dj y^iAa. (4 jjjj3 4 \ m l all V* 4 \r \ a t~ ^jJl 

«o 

2 

CjUrxa.Ni.il ^I^jI CxJ^al JJuuaJI Ijik 3j <4_»L*JJ ia-iialjJI oUAajJI ^jA 
4jxLa 4o^ t j jNJ oLAaUI 6 jib (Jj) ^ j 4juojl J-iXjJ 4il^ ifljJI 4x1 lx 

iflluaNU t£^jjj$xiJI LA ^ a>. \l l ^j\ja ^ya^Luaa. Jl JaxjlJI 


n 



^yO, ^sJL*Jlj JiLxJ! pLjJ>a£ 



JJU v .. & l j I 3 

hC jlu 





J-t 4-u jl •vll <Ui^A.^lXU 4u*ai-2* S^Julxa oljryt^ (l) ■ ^ ^ 

^IfLojJl ^ Wia j (j lr> j llAj <4 -oL*JI 4 jUiiiJl ijjJcui LfljJa Pjoixll 
4 jw.lu t jAJLi ^ta^o J^-^u ^£-*-» 3 

^! ^ Ch°s3 4_uaLa* JU^cu ^UJI fi j) i A,l i pLl^j! 

<J!Lgj (<-j) i^LuOJLi a.a*..ijJ |Xj )rw i ll ££^4la (J^- Uj 

ttliliJI ^ Ic- jJ d.A^.A Slal p j^ubJI pLL^L l*i »ml jrJ^lj 

<3 ^ 1 1 ^J-o (J^L> ^0 4. ilrvu-u S^^h-ll 4 l*i^ aJL> 

. Jj-XJ rfc -^*> (JSLuu JA-JAJ 

m * t % v * *• 







O* U- 1 < 3 *^ oljr^iUI ifl^Q Jl 

«• w 

.ioLaJI <L\ \ /..’>U 

H « 

(■ ^ * 

ioL*J) 4 aa./hj, Jl L^j Jifln 4ajaX^I <3 4 jLc iJLi^-S <dUj 3 C< Ni »^a 

A.Lu.urv^il ^1 — 4ajjLaJI 3 jC ' OjLi^lij (3 ^3 — Jails 

oi) l_ 2 h^a J5 L<l 3 4.3 LU « /" ' < ois 1 ^ 1 aa 3 4 * "> 1 ^ is\3. .t wi-» ^ 1 1 

** *• 

L^l jr\X- <4-uj) <^\il C»U^I 3"° l^ijh-Lkj oLa-jll 6 JuS i JjLajj <4_aj jL^Jj 

6 AAj t^.it k-Ul JUJJ <3 i 0 ^ 3-^ U* ^ 3 £j-aI3 

1 & ^ i5 Aj 4jLua 3^~ q - > J Ajlaj |x 1 Jaa 1 1 3^ Iajlxj iSLL^Ji x3-l3 0 L>L^j-L1 

^Jii\ io j^I-VlI iSLLJI 3 'AS-fl (J jlxjo 3 ^ Iaa ( uL>. 3[ ^ 3 J ijjJiaJ 

3 ^_ub^Q LoS[ <ol l^VibLll ^-0 4Jl1L» iij-i 3 ^ * £3 t A>^ 05~O3^ 3-^ I 

4jjIaU icj-uJI 3V 4 (<wj) (^ — ^) (J^3oJI 

t^Ja-a.'^LLI 3 ^ Lalx 3 -* (j-° 3 -^^ (_£Aa 4 mi fill 1 3 ^- i 33 -^ 3 J ^J I 

Cuj (Leix. Y * 3-° 3^^ ^JLJa 4jJ iSjJi ^Ila > OAljL-tu^H 6A& Caa3^j 

Pjj^. 3 _ 2 «Ji *- 1 d \ol \ .^L 1 3^0 4_^jA l)* 4- ^ iijJajJI 3 ^ ifljJ^-*-tl SijJI 3^ 

i~s\ ^Iv* II J&\ ^_d> ioLaJI d * % iiiiJI cx^-xual 3 I cii 1 *^ (£j \ 3 < 10 14 3 -a 

•% 

.a la. II ^^aJI iSjJI oL^-j J ^-j^SL 5 ij^Lkl I 

* •* 

oJbo (d_)bAJb^ll 3 i^l-i IjLb mo Llu >J 31 3 A 3 I J jv (JJuuoJI \s&> 3 

U 1 ..N djLi^. 3 -® 3 -^ 3 ^ ‘-^j* /n (^ 5 -*^-* ^ 3 -)Iia.i 1 jI a-iljj 3 ^ 

*+ ^ 

< 3 lj^>^l (jA*i 33 4 <— 1 ui 3 ^lll 3 I d l^-^Nll I Jx. 4^1 juft 3^ fJ ioLaJI iij^\ 

£jlaili 3 c 33 J ^^ 3 Jd il^ i^t^» n» '^Sll 3 ^ \ 1 1 Jlc 3 -o^l I J3) a-o o^UJI JaIjlxj 
33 0 nu*^ > L^_jJ| 33 1 «rf"* 3 ^ Lajlcj «4 xuj^jJ 1 p d ^ 3 ^ LgxLul 3 < aII 


01) LuJa L3J I 33 ^-*^ I AA Lo_»j 3 jLaAJI 6AA3 3 d ijjJij 

6AA J-t 33^1 3^3 jsJ tilLaJI 6 J3> 3 3 SJ «.4jJIx 6dli^J Lia 

4ajLS ^1 33 J ^oLld^I 3 ^ t^lVt II Olij^Ja jiLfl 4_fc£LuiJi 

4 v\ \*\ lljlj^j-fl 3L5 j^I 4jl11j 4juiaL)jJI iijJajJl 3^ *d lA^^sllI J-C- 

•* 

iif $> ^ 

O^J t4 x nl^ll 3 J> 3 ^* 3 -o 1 — jrlJI 3^ il Ltul I 3 <ii 3 S ^J-C- 

(g\ l ^ juS^Q-s 43 1 ^jljlaj ‘ cl i^o II 3 3^^-^ 4_ixSl 3JI 4_L2k.ljJI 3^ ii3^3_JI 


IX 





^yjLlj uUou jJ^O 
•* 

PSR 1913 + 16 


(e - 0.617) tfjWl uiljattfl 


Mi 

M 2 


oUL 7.751939337=4^L£Jls^J| 
4-ijlj 59 — oLuoaaJI jJ^ct SjjJ 

m 

= 1.4411(7) M e 

= 1.3874(7) M 0 <1 3S 

0) 



^jljjJI ol i^otlll jJ >i ^ U j U " Jjiaj :(l)\o-\ J^ui 

M «* 

^ jJ jjuj <PSR 1913+16 >JU <U >ji ^ill 

t,tuJI 1 j) CjLub-u jJ ^-a (^oj jjjjjJI ^ 

m 

Joliil! (j* N ^LLxfll (J^Jo J-fc ^C-L anu ^ll 

«* 

uIa$^ 4 wn\lU l a^.-x-uO^q 4-a.lj^U LtijJU (jJ jl!l 

oL A ijJI 4_Lk^Lo 

4->^^jJI j^jfc d. a v q .v i I 4.i5l 1 <n^UI jlj-aiLuul 

Ji£. S& i j-aSlI (3j 

4^jJI £_1L> ■ * Q J)" ^ (J - ® i/-A.Tk-lJI 

4_1 ^ lV\ U Q Q jl 1 i**l l J< /V Iv ^ V J jj l \ ol,A \ ill 

.I 4 I 0 0 -V ~ 1 1 J \1~ /n \ N 4 -aLxJI 4.n mill 


ii 






(-) 


4 I~N1 .**.t **« 31 iJj ,y \J J^44 *( UJ )^ ^ ^ cl ^ ‘ 1 1 

.^ilJL lijUu, <PSR 1913 + 16 ^LDI cl <A Oil J^o <> 

** 

gj-A 1 f^’ io ^ ila 3^1 cAA' 

Ujl " v ~ ^ ^Lxjju^I 


liA (i iiuujLo^l kUill 6JAj t 4jLxikll Jx, <jK 

I jjfc <^JjLflJL> <— >LElll ^il i fit n l * . Lo > £ wlflJ 

«• 

^ajLajSlI <Ul <3 *3^ 4 u^J fJ 4 4 Al^ l U 

M 4* * 

.^LojJlj <jl£il J*j <4 > , iikl l j 

oLiJi-iLjJI ^Jlc ii^LaJI JJ.ua> 4 j J jjl <_£jJI J ^- Aill 

J :WJI j ijl£ o ^ «(*-' J^) <^3^ fJU\5 

pJL*J| »^i j I iu ^jjLtol JSLlid ■_* 11 ^jO Lc^j IddjJ ^1 A^qLaJI 4 _ i.t md J I 

6JA 1$j Cxi-^Li^i ^yjJ! <Jjjlj J^- <J| 4ii5j iftjjJoj 

<*lt /«!*« ^*ttl do Ui H d U -wSl ^ ^ 4jloXo LJlc <r* ,M ^ LiJlLaJ 4 % .<■! iiNl 
•% 

J^C. ^dk!L» J «^- Jjua^d 4_^&i^ll ^JL j-oill IjA £■* il^S^Lu* 4_*adkJI L^J 


i 0 


(jjj jk'U ^ JSjJI f-Ljhii 


& 

^l^jl (J^J V\3^ k " Lajj ^3J1 Cji-J^iajJI I JjuJlj >jJaj {ji 1 i(j <o <jl 

(J-qIaaJI JJLuXJ ^ 0^1 £-5lj <3 !■ 1 .jSl fl ^k II \ jjjLiUJ 1 J t^Lxo^l 
6 JlA 4ij £-Lj^ <i5jJI ^yo 4Xjli 4 a.^)Jj J^3l fl>.JI £jq LaLg 3 J^fl33 4 *jlV* £_o 
4~*jJ t (jZ^j-2 *1 S^Iajlaj <4jla3^j 3-1I 4jjJa»lJI ^-k'i Lq t a* 4_i^_Lklil 

4 ^^! 4 ij ^ ao 14 <> ^ J! 4 -oUJI 4 ALui\ll j iailxu^ii 

^)l!Lo ^j^Jo 3 >^ ,J*a^l l«-LA (J-C. ( i Lit ill ao 7 J}^ 9 ^ ^ ~ ~ *^l 

a <Liil XxlLL «LjJaj uijJl3 l^J LSjlL Cul^ ^3_!l iSjJI 4xmJ 5>jUj 

+* 

o^*! 1 4 flj a * 3/^1 oP^j? ^ix ^jLuuJI C^-* 3 3 LcJi 

£, 

1 (j ~i £ j 3)1 3j^1 1 Cy°3 i> — ^- 1^1 Cy p 3 ^- j? aL* L<u 4oj^Jaj ^ ^ ^ 

ao 7 3>x Ji J-^ 

I jLo 3)^43 t4-i^-laj Jj^-o 3 > ^ ioUll 4jdxujJI 3 )Lfl <JL^JI 4.* '^Uij 

t I j K irfTT i q j ^ 3 ^-* 34 Ijj^ 3 )} ^JIaJI *_ 3 >^ 

*C^ J v 3^ J ^Lu J ^ J I J^-lu 3>1 ^-paJLi-fi 3)3-^-! 1 L)^ • L ^" ^ 1 ^ 

4j^Lj 4ajj .JLq^II 4 Jx (j^ill jUlc.^1 (J £-uhl ^3 j^I 

Uoas. Ujiaj (jlJlj (jjtlmlil ii^lai (jc j»^ij ^,111 4jjLt*-U J;jlaiU ^l^il 

ij-ic .(n-N) jlsji j k ^^=ju <lJI u^i! j^Llx, j i^i^Lj,i 

^ pl ^PQS' 

4duaLkJI ^jxiLfljJI olx^-tia^o (j ljLia.1 t J-oL*-* ^llA ‘ J)y' La Jx 
‘(i^^^j^O jl) j^jUl (vL*j 

++ *» H * 

jr^l 4-al_*JI 4jxmjJ! (2>C 43^1 jLjl-q (j ^j^SUI CuljJJ 4jLk j| ^Li-aujl j^jxIj 

M 

I jlj 4^ ^-Jj (JxL^jlj 4,-i a3 I wi^-uj IjJ Jx 4j^LjjI 1 

.4jco J-olxli 3)^ Lnlc juuj eJ^-uii 4 -ui 5 llU 4^Loj J| 43 J 1x^1 Ijjjiajubl 

43'iLjJI Cj^ILJI 3, Li tlji^ua ^jLuj CjljLjJI yxLi 

¥* 

J^ai 13 a ^ ‘ ^ ^ — ^ 1 (j ^ <<o^j t/c cjjLUI I jjkJLto L j oi-fc^s^ ^3J I 

«A 

^3La3ll ^a3Li^ ^ II <~1^ 0^ 1 ^iiJI k, JjqLjlLI x^Lj 

p p 

{JajI \fl o ^1 ^oX 3)^ Oi.V^3\ 3)1 J ji ^ 1 Cy oj^i Oixiuol 

X ✓ 

3)1 jlj3 x l (j£-ja-i 4jjL^JI 4-i^hLlll 3>-o < jH<a3_i-uuQ ^qLjla IlijJ y (1^3 

o3t^ lit ^j£U Jjftl >11 olxLLEJl Ly 3^cu Sjxua 4flh^ll 4S^I S 3UUI 


n 








Ji jUJLi^l jr^JI jUJL^I 

k = -l fc=l 

(e) (v) 


| U“° 3 ^ 



k = 0 
0 ) 


c l.Aal l 


^J.'l <S A 11 i? J^qLc. 



w 


olxlklj jjjoILo (I) : N — N J^-uj 

(<->) = 0 

4-iC-l^i olclKfl > ( (jii A^xa JllJLj) J,.Uu 
ol^UoiL JJjqXq <j^J (jl^Lo^JI ((^) ^ ~ + 1 ^1^5 

(j) k = -i Lui>j iicl ^£JI Lobachevski 

«• 

.Friedman ^Loj^ji g-jj^ll iilLLil 4^MU1 £j^£lt 


IV 



JajJI p-L*j_k& 


m \ in j C j fl u^i LaJ Lv . ^ jI ifl 4 % Ha iMft Jj o^-U 4_icl^_flJ! olc.Ua.flJI 

Idl >JI oULLiJl oil* Ijlj .(1 U-\ J id, _>kil) k J*Ldl 

k (j j^j <nfl — 4. iui j Jx, 1 fl 1 i ft jjSJI x * A } — pIW*^H 4_La j-ft 

^jLaxII 6 Ob (3^ .(k-J (* *M Q I I N*\— ^ J< ntll jJcul) +1 4ft ifl 11 Li jLaft 

yJI Big Bang jl,^fl,j^(l ilia. <5ajiL* <tx»axo <LIL>. j^s 

*+ M 

P 

a . , *v yAfll <3| JJ au k — 4- 1 ilia. J .y^JI pO jx-ali 

iiLu^L .Big Crunch j*^JI i^lc. jlki ilLa. j jL^I a$L*j 

J1AJI ^1) sh II Jl jOftli <k = -1 ilUJ! l^ai <alJa JJ 
k ~ 1 (jrt^iJLaJ! j\j aaJI ^yb k ~ 0 4JLaJi| *(^ ( k - UJL ^U^ ^ 

c-fla^j jo iW-xJI ko >^jj oa 5 a£ ^yjl 4_iJ| 6 jLl)IL jjaaJlj . k = — lj 

«* 

jj ,(j) (^uiJI (U-\) JSd. j 55^JI cdLJI 6 J 4 J CfjHj >dJ> 
£aia!Lau a y$£JI (3 U^a^ftJ Lxuljfl ft jJaflJI ij lAJ jLu.C.1 j^.aj JJjufiJI I Ob 
<^£-11 Jl (^ajj yJl yb Jaii k = +1 4 JUJI jl <^jj jl 

** *• M 

. jOjaSlI juJUJI (j aa-k4> j\£. ajtftj oo^j 

ajyo k — — 1 ilLaJI ^a<o_a 1 jl aj! 4 a *5 ^ 

o'jIUJI & 4j^ua J^l iJUJt ^ dJi oils: Lu,j 
4 jI I ,, \ unit tysLa. Jlc. LILaJI 6J^-J ^Lftjjfe^H p)j§ jLuau 4 *ojj 

C»Ob Oqulu o*J 4jjjbUcJI 1 ^ ~i ft 1 fl > yb LoSi jjiJI < jLc oUaa^Lil OJal lai 
^!>JI pLia-il aaaJL) *4 aLxJI 4.u iiui.1 Lflalaj, iAall ^jycuJl yb 4jlokJI 

4^utflllft pL^j^I LiK jaxi I ob (j^U (3 Sa^a.%11 SaUI jlaSft \ 

^ jy£ ^ai aJLub Lqj^ < ^!Ij .1 Jl 4 -ujj.I^.i d_a 1 1 ^Jju^LajJI 

4 ic ^jju hidden matter sLiUl SaLU jl dark matter iollail Sail! 

(j^J ^aUill yft L\_^l ft aS tilLaJl 60 b <3 ^ ** * “» 

^1 4jl afl’ta’i Loa jrySL* ^1 1 4ai Lua^l I Sail) yi jlaLo a^jj ^Li 

c, 

(3^ U^l ‘OI>^aU 4j^ajJi jy-aJl j la^a-j^ U* ^ 

nt SJLaJI 6 Ob (JaAaI ^yj| yb ■ UuftJlj .k — ~1 illaJI 

*• 

.ybla. JSLjSu SjtLaft jGjlj k = — 1 4-uuial^JI SJLaJI ybjLuaa ^Sl <aa 


1A 





d " 1 r. 1 U a \ S hi — — 1 4JUJI (3 4 .^lc ^ j-u ^jJI Lq 

d i,i y \\&. ^| ^d \ \ Jo INLil) 4 5 ILJl 1 4_uj Jju^Jl ^-ujLi u-flj-*-* La 6^^-uo 4jJll^flJJ 
3 iJ ~\ aNl 3-0 i <nfl i 4-xUy\\(j 1 3 -^ <n flj m L jjJ 

CjLc. jj vLJ. 1 3 -Q 4xj r\ a jcl JCLfl tEscher j & ul oU^>ko ^x^l 3 1 
^IjJi SjiljJI <Circle Limits Ul ^1 L$3 c 3 IL] ^jJ) 
. J<A 1 1 IIa 3 ^ <(W-N) JCA1I 3 g^is^il Circle Limit 4 

!^)3oLujuJI^ 4^j'^L1Lj 3 -lHxu 4 jI 3^ Lu^mQJ j-Olu! 

a ! -v~ I (3 4-4 a 11 4.a-?w J^ 0 Lgul^j 3 , - LXJ 3 ^ 4i ^> 3J..L < d o3 l 3- <a s 3 

3 c. jlkil c l lAa 11 ^ouuSi^jJI 1 -Vds «— xa / it% IdA <6 ^)-a1jJ1 Jlo. 4_flLw 

p, ^ 

l ‘v t In ^jOCAJ Uj pLixflJI Jx. Sj l t^juLLLC 4j&j^ ( I I 

lfl-m.fl.\ Jl<: <u^l J Vji O^Lal J in I I U 3 ^r? U 1 * * (jA/L&il O-^ ^ 6 J 1 

^ A K »> jjxLiui J*s mil iiL*. 6Uul 3 3j“^ 13k <3 ' 1 “* c 3 


t*llA_i L /.i ^ j 3 ^d^ 2 *^il ^ (J^.. <~J LaLaj ^LiLd-o LJ 4u»uuJL 

Lq jjjt a i *** q 1 "» L^J <Llu ji ib 3 ^ 4^ * Lftfc lc I „> L 1 1 I 6 S& ^Lx) 

«* ^ ** 

4 xiaiJ I 4 jm j V fl il 3 I ij ,ajj 3 I I ^ L- 4 q l -vl 1 ist^ii 3 j^£jLI 3 -0 Lfl^Ll^jl mj 

1 ^ \ a y\-ij ^ yjJ i 4-S-i^iaJi x ah * t L> /»»^ II 3 ftJ 1 I edit LqLqj (JjLqj 3 1 \ & 
«% 

d U 1^11 4-JuauJI^JI (JJaJ 3-°J 1 1 Sj^-uaJI JS-UI 

.l^j 3j^a33 j^lli 4 -Jlj^JI c3l^ LI L^lLw Jx dL 

H 

i4_j LaJJ Sj>JuaILa 4 _uj J. 1^,,1 4-.,ntA dll 5^LI 4j!Lo*dl ^>^1 ^■ } M L t La 3 ^^^ La_> ^ 

jl* 4 iA s i vld\ll d \ aM tLd_LaX 4 Xj Jo 3 « 4_> I 4 -uj J ju^J I 3 ^ -£^~ 

d /■«. II tpl 3 * Q Hj) C)i xjuaLjJI 3^4 453-aJJ Ltjlj I j \um J L * LJ J-^3 4 * 

& * f. p ^ 

LLuaj IxjLuxL Lux>I L^xi l^-LL^aJI 3 ^ j^- o Lua L^JI 3 ^ 

jf p 

1 a d /n.Wfl II t^fll^JI 3,3 *4 ^^Luj ^JLaJI l^_> dlLuaJ ^Lll 4 jLjJoU 

Jj)S" 3 ->L <n\ 4 4_>^Joj 3 ^ (jjuxl t^sJLaJJ 3 ^1 mil Joaj LixS-i 

{ Jx. 3^^ v-Axga^ L^-j'd 3^ <4 fl IVLii 3^^^ * ^Lifl 3aJL a 3l^ Q 3^^ J)i 
JoLajl J 4_ul^-o| 6 ^ jjx»LJI jLlcJ .4 -u jlAj ^JLaJJ 

^_tuL La 3 Uu ^ (j fl L 3 c l^/X 3 ^ mj j < 4 ., 4 » j \(3 I I 3 >o (SJ^ 






l>^JJ^ t*l>^ SjjUI : N V- > 

"» Q * ~‘l ^ 1 cl ,A Q 1 


6jj^.h--y I L 1 Ju4s l'^> ^-v 4 -C.La i<a SjLc.1 -jji.< 4-lllqL-LJI 4j_uo^flJi 

^jU. (Lki^ L^O (sS^* J (^Al AUjO J»£. j^j, iiu j :iJLUI 

.ikLJI 6 juk (J'^Uv /y 3 11 Ij^jjJ jlj^J til l, V A t/v.v 5*1 ml I i^JI 1 Jj5> 

P p 

jjjJo I jufc CjLu j i Lo_>j 4jl (3 ^ 0 > Jjl ^jjjLjJI jLitl 

<jl CutUI ^jXi ^xi-ol dll j sj t4o J-iifl^tl 4-tu dxftJL) <Lt^Lk. ^j£[1 

-4 i. v tlal^Nl 11 4 -ujJo^JI S^SLfl oLlu l*v A 3^3 ^/lc. Ijj5> 

^ ollliil J-2kl Lil^j CjLoiLxS ui^ tiidilfll'iJl 4_ajJjt^Jl 3 

SjLij j>jy^ IAa 3 Ll» (^jjp JHo 1 «aaj <180 

l—i l j j oLluIaS AjJalfl^ll 4 ^lu jj^JJ Lflo-La 4o^| -J^l n 11 . u o j»~ 

3 *(1 <^J1 NA-N J*-i ^1) 180° _J l^Lui* dJia ^1 

I w'i.ul Q 180 Jfll i^jJjyQ !^\ Lll^j C)LujLi5 ^ cJ-*-Sfc- lj[ 4jdilfl|^Lll 

jj p 

jyxs U 4j <tu4J,\\^, 11 3j -t!^illl 4 _^LlOjQ £_-cs ^xauLoJ ^j-cJl IdA ^jl 

3^5 t^l^-L^l^ LjI^^JI O-LZV Cvlill 4 ^LlUJ3 JdJ^O <J ^JLjU^JI (j -0 


4 l^i wm 11 4 k ,x is\ 1 1 6 Jj5> oj , JSLujlSLLxu L<J 4^,^,, 4_,j^iflltJUI iwijl 

W * H 4 S/ ^ M * W W M M P V 

4 * 

d.t 1 \1 1 4 j2*Lllla j i jaj ^jJl^ tLcimbert I^-^Aj^LluI ^ill <4_stjl^Jl 

** «* 

4.A u^tll 6dA j\x> a£ 3^ “’1 ^>®^1 4 fljiiiL-’v 3 »(t- 1 ^v. < n 0 J I N A — N 3^-ui 
! La Leo jhQ^II tillj p Q LLil ^JsXluI 4o,.\ iUl^Lll 4^u,.\\^ 11 l q! /TiVvl (Jj-S 






PUOii (3 




Real 4 aa liLaJI jl jx-^L > 4 juoA^i! ^JL) j^T ^jSlI cL-H 

iZx&±& jjs^ .d v uUS I d /11. \ 1^ II <3 d-dLU^n Sj^ju^j 4j-ujLluI jjlj ^jJI Numbers 

«* 

£, p 

c# IjJ' u^JI ^ Eudoxus * hij t~ ^ojLujI "' * 4 \ o > o II 


. a.^~ ^pjl dJ3 ^ jljcSn 6l4.j l( jSll (jla. Luua cJlj Loj jAlil 
«% ++ 

jIacNLJ loixji <LojlS tjju Lojyfl (sS* ^ 3 xu Lq£>^ <( J^ LJLLt ^3 pLijp-cJI 

. 4 jiu£^J I jIjcSH Jjt aaIxj ^Complex Numbers jl' 

(Sj^ j^I l>° Ji 0 ^ j-^ 

iSj ^>j 5*1 < jaa^II Iaa (3^5 .mo. iuIiIj 3J d_xu J. V & 

«* 

4 ^axfl 3 -aill Joj^Ja^JI d^i.vV^ 11 a A_& fl * 3 1 *" * Lo_lA ^ N V — ^ ^) 


0 ^ 






.j&Si Jji\ SjSlJI a=* :\\-\ J ^ 


Ulj j Sxc. Jo-oliJi *-ja ^ 5 ~> \~ 3 ^ jJt jLa-> 

^oLslaj La /.. a t ^>1 I 4-ujJliA ^ujjIj 3^ C > i^ tilljJ t4.a_jljB 

mm ** 

p 

6Jjk ^ya ljj>.ljj Jj 5 |i.\5l<ua <Gl Jut 4ji j£ J fit Lo-S 1 g 31 A 

1 ^ .An 3 J jt \) lull (3 (SS* O^ ^ wn V i ‘<3^35^11 

d \\~^\ a ^yjl^5l ^y^!! (j^ t^JSLaJi jj&jAJ 4j .la j)!^.^ . 

4 J< Ai l \jjt <3 iS^S'wull iajk^ll 6 Mb ^Axj ^t-iiajJ (V*-N) J^oJIj 

J^OJj <J£AJI ^Lid ^jJI (^kiJl) ^LuA\ kiJI Jm £& ^ ikfiu 

jl) iff 1-^-ft la f-" J nifljfi ilj^l 4 (J J * f" 3^ 

d i .A j_cli J'^Li.^ll .Cjjt^Ij 3^° <4JaAill t. d l Tu 3^ J-^3 j icxA 1 1 

CjISJaa ^ lal a 3^® J-C- <4 ui SiQ 1 1 6dA 3 ^jI^jJI 

tL^L^Lu* (Ji Jjua^lll 3-° olid I Ujj CjLluLS ^j )a , ^ - a ^ lYn-a jtj 

, 4liki l 4 _juj jJx^JI 4jt_>aJo 3 ^ 4-^-1 Ijjfe 1 lu 1^> *j Lojj^ 

4_ujJjjI> (J Cxlfl^ 3 * < * » I ^ILxo 1 ‘u^ls 

■ . ■' » "‘1 4 Mij\fl II 1-AjrJX. £j£- 4 ft llr fcil mflj diL^J 

J^Uli yJI icj^y.1 I j -«"■ ^ symmetries l^r^iL^ ir-j-o^-a ,jl 

w *• 

^1 d i^l Y I I d v i in \ II d e'j a ^ a — j >± ityay-o (^5^3 ^ 1 * - A 

mm *+ 

Cjj&jujj jjO^II IjiS 3^° d 1 1 AlijJJ d J A 1 1 JaJjLkll JjLcj 


or 





xujLxJuLl^J cl laC 4-jjuJoJi ^1^?“ * ^ ^ J^u 


.Jjl^ll S^ljJI JLi-J 


4 s ‘<AfilaJ> oliLi^ll <jA*j £A jjU ‘(V N -\ ) J ZJl j Uaj^i 

^ t P P 

4-z* L lll4 ^c. 4^o-lu^ 1 3 -0 3 Ki I J Lxj I J,~v 1 lo, * 1 Cj^^JouxO I ) 1 Jj5> 

:J£_£uJI (J i 4.i*rn 4-uSll SJjLslLIj <jLxj^I iu'SLj 

•* 

t 2 - x 2 - y 2 = o. 


ifr -wa jll mi l (jjja-o JJa 3 JL8 4jl j£jJL ^jJl^JI 

3-a Ip J-i 4 vLc. La 3 C - ^ V N — N ^ (J^LxuJI (Jiuulj 

ixa 4 -lu j\ A 3 ^ji! t^5k .uiflj^t \x\ 4 umjlft 3 4 U fl i 

•* ^ •» M ** 

^ ^ P 

(<£.LluJ 1 i 1 ,fl c 4iauujl^j ^liil Q 1 5 -v 11 ! ^\ t3 j0 3 - ^ 

^ &■“!> ^ 4 5 ^ e^-'e 1 ^ 1 •- ^ 

.^4 ilklt) <n fl \ nilj^J <Lui±x& (J-*-flJLi 6 j5LU 4 .a,1a.I jJI 4 -ojJlI^JI <j>\ 

M W 

1a •v’t 3 ^ ^ ^IjaJI 3 ji nc^ I 3 IjIj 


U 0^9^ 3 ^ 4-oaLjJI clij ^Jb Cj^LjLojJI ^ r j) -n "w a \ i A ^ nt a i j)j^ Ss 

Cj*3ii LaiiJ 1 4x. 33 ^ < ( V \ — N ) 4-ujaIa 33 ^ (3 ,m q>> 1 

Ah SjLulj^ ,J< ntll 3 ^3a_tiJLi 4_i^l_2kJl diL 

< fl \\ >■ 6 3a Cj^UlJI < Cj Lj I j jj jJJ 3-^ J3-1 A * 4-uaLkJl 



(Ji-dl aL»^_lA 



^ /n~\ n K hi o i /?. L.^J :TN-\ JS_£ 

<J£-£JI lla jj oI£-aJ j hyperboloid branch 

.Poincare disc 4jj£d^> Jl jl JsLL^I d^j 

• t — 0 ^j ^ i,. t . t l, ) ^JLc. 4-A^-tu^i.i 6J^J-^ (JlLcxJ 


Jjjjj ‘(j^^jJI <3 dj -A ^ O 4ja£j C jAXU Aa£L ^UjJlj ^Kil Jj-=dj 

(Sj^ (j' JjJajjxu gt u^ jjJI Ija (j* 0 i4jJli-o J^j-lnj <Lmij Jja. (jlS-ojJI 
A^. 'Q l-fl .mflt O^iSLcu <jl J$ll 

cr*J' 6 j>> 

i3 jrLuj^j I Ja l i Luj ^LI \ a >0 4aoiU < J^ <aj l ^ < 

i ? Jci a I , 1 ^il£dl jvi ftl a tl l Jldjj <(g) ^iiflll (^*-^) JSLtu (j £i_iiajil 

JalSa JsU-ujL J^JI (JA (J 11*5 dSj .(-1,0,0) ikiill <J J5ll 

«* 

l r> ml ! I it — 0 JJlC la-aiui I ^Ja-tuJ I ^ | 1 1 <_fl^a-L I ^da-aiJ I a* 

■(j) f 1 i t lfl N (^ *” ^) (J f^ul t tj ^-S-fl'ill g* la .nil ^lalill gJaxuJI 

^^ldl ^cJa-uJI (JlX. Sjja^l la l Sill £_iAa. id Q '<<^ S^JaaJ) 6Juh ^ 

^^!Llu 1I ^ ^ JA.1 J ^_S3 4 l^\fi /nil -U t 5\i l .1 = 0 / ..II s J_c. 

iijj -4j jl^jl^J ( _y*a^S /\ /it Lj 4jJI ^LoLj Ijjk^ <1 = 0 

^da-Lo ^_uj i^j 0 _v~* » tS^jljJl JaJ ^-Jul JI^-loI L$_> CjLuu ^xll 4 < a X 1 1 





<d!j d-uli j-^1 J-olfSJLi ^ 11^1 I Jt 1 Q J_LU Lj 

** 

MiL,.)ll L^jJJ Juoji ^ylil 1 (3 in 0 3 ^tjlll Jl JuaJlJ Ajllu {jjQ ^pO^I Ijjft, 

** 

Jx AJaLflLa. Q (ja dljj ‘(^) f s “ LU - fl -H (^ * ” ^ ) J^-±uJ! 3 OX*» (^Ul 

;5* 

jJU ^r\ i Jx 1 \ <.o j\ A A^ajua Ji (J^Ljx* dlj l]^s 3 tJjljjJI^ LiLjJI oLujUs 

tLjj_i£j* jj-v a (jfc l'>»* 6.1 a Mi^lleu jji ^Ajl JLflilcI J^l ^ . Afl jjl 

«* h 

.4 \ is> CjIaj La Jl ^^-^l Jx J^C-Liii ^_VVC 1 

+* 

j j} - v . .a jj£. IxlXj jLujoj LaXX tAjl ^1 IjlA ^ LoIa'U 6j 3LLI Alpifl i II 

gollillj JjJ.'a. ill ^*_uxu < j£UI 4 xJLuj Aaujl^JI JLo Lo p^Ii a>.<n> j-d j\JI 
j_Lalll 11 a \\a > ^ ^111 JaIaAII 3 I Ca^ (3 ‘L,^ac.jj AjlxLI ol jxoa 

** 44 ** 

La^X <jx Alikil 4 auJa^JI j ixlI j t^JSl^JI 3^$ .6jil ^aidli La ^Laj^-u ^aL^J! 
(jl JS^II Jx < AjLiJJ J^aJI l^a 33^“f dLa i^^oLl Jx CjI J>aa1I jl»-u 
3^9 t4XjjJoJI dLtu CluX=* jl *llo l^^JI AjJ Jj Cui^ lj| < Jli^Luj Jx P-& 

^ ^ f p p p p 

j-3^9 < j lilc.^ 1 1 «igJ Sjjja LiLiujj! (jl J^jl 3 ^ A 5 ^ jjjl^JI 11 a 

I Jju£ ^iLfl jJJall 33^ UJ‘V 2ib f ^ 3^J^' (j^LiJI jya 

JSdJI 3 A^^U dL Jla 4^UJI AijjUl Ailiil 3!^! 3^LAia Lo 

g-jLaj (^jjutlll Ja yuS Jjulli < jdSl I e-uLaJI JLC. •(*— ^) ^***aJ I (^— N) 

33^-11 oLi^Iaj L-i. x jjlx \ ^1 ^-uLflJ! Nl-N 3^-^ 3^0 ^ ^ ««ill ^JLaJI 

3^9^! 3 I *^-* ^ 3^3^^ 4_uj1vA (jl ^ jriilj ^J-ll tAu A 1^0111 4_>jJlj (^5^5 « J^ l il 

.CjL J.M\ 6 1a Aauua 3 4 fl ifl lolcl ^ I 3 1 <^*}' X U <Aa»Ja-ujbo 

«» « 

t^LaJj^i ^jLaj ^ <11 L> 33^^ ^ jj? A 1 1 AjdUl Ax^UUI ^l^j*^ll 

3^J t A i-3Uuj 3^ /T jLd t AjLIJJ AJjLalo L^jl 4 XxL^-> 1^.,a j-i-alij 

Ij^J ,J-ua3^l OJ^- l 2 j . 3 !^ 3 I^U 3s3^^ 1 AaJu 4-ll^J A_jI 3 

^jdl jrLfl^ll 11 a Jx <3LaJj^i gjLu » jrU J-aia 

3 l^b 3^°^^ 3 j^ j ajxmi 3^ Ulj ‘^^1 Iwi^U p^ul 
^ •* 

.4-^j)"k la Aj^-jJ Jl 11 a 4wih J 0 fl II Lu^!^ 3^ J.^JI j (CiLaL^^I 

%% 

J flVt Altjjlj 3 1 O-^-jx^I J-fl j — 4 -v (jjlH.uqjl O^jLaua Cul^ Ijlj 

3LaJjjl ^jLaj ^-a Jo I x"\\ 3I llaLal jn tU — Jjju J^. Jl 4Jl^iLLI ^-o 



I'Vi-ft JijJl f-L) JjjJi 


3 d ^luiu £ jLojJI 6 jib £-4A2*. ^1 ^)5kjl *^0^11 3^J-LU-0 (3^5 <6j4jLu» 4 jlqj4>Lj 

p p 

Oio LLiJJ jJ^ Q,.> > i j\.£L 1 1 I ^-tuL> ^ojLujI £t-o_Lo 

L &a <IjSLa^ ... Lo 3 [ ^^Liuj Lo 3 | . 4 -»Ij_l 1 I 

<jl 3^ Cu^ Ijl^j .4_»^)JajJI (3 I 11 l-o Pi \ tit dlaib ^jl ^oxj 

«* 

£_S^j Ina m4.rn.fl ^JaaJLi OjJa> jj I Ja*. 4.0 11^ ljL>. 4ja.LtuJI 4jja».^i.l &jj& 

<LdL»* dj£l) 4_ilc. oj£± •* Lo 

J£ J lil^ black body j^u^l ^uaJl olcU-il ^ j^.j L$J| 


fcbu rt l (j - ® ^^ji! 1<AA cJluu^I iijJ! 4^^ 3^3 t3 &L^jl 

d*j^l cjj^Ij «\^"Vo Wilson Penzias ^uL^jj jj J-* 


4 to Ik II ^1 a, ,<7i| jXxii Li i f\.*j:sj I I jib v Q *k I ^*\1 k^l ^Jlc, ~<l k*sAl 1 1 

^jJI <Cosmic Microwave Background Radiation iujUl ij^jidl 

jiH J>iU | jl _ ui a. aJa £_L*-^>II Ij^J <COBE 

frl « itfi 4_il3 j£LI 4-tjlj^JI 4-*julfiJI *-o COBE ^clj-udl j-cl5JJ L^lU 4aLujLii 

«te 

.(rv-\ jsa ^i) ^ji jUiu'iii 

p # 

j-o Lji^ 3 ^ ^LsJj ^Lxxu^ll I jib pLoJc. ^,>a% 

4 an i k £t-cd_o jjAju ^jC. ^\ x ^dl I jib lj j^k_i ^a (jAj fl-xa5> J^Luj 

lj 4jli IjJ ^ gU.-^l I jib ^jl £-®-S tj5C.dll 33^ 

(j! Jj 'il Sjlxxj^ j t ^ a V^l I 3^-® pLxJu^II 

.(N^V — (J^-uJI 1 ^ ^ i t ^aJI ^jUdl Ijh 8 *^ 4_a-<.u_> 

^jjajJ 3 ^ cJ * COBE ^LluaJI j-a o 11 s j^\ 1 ^ 4-0 c_flLuij^l 4-aj 

4-u3^JI 4 xi-LaJI ^1 x i7)l ^jl 2 >>o dJj^ <Jol^ Ji-ttu l ol^Vto 

tii-oLj^l ip.LUI (> <jti3L ^ il ^ . jyu& C^3 ila^la ia-jOj 

jyc. I ^jj^j (3 *4 > Q> Q -v L^ I tdo t q k p-l kwl ^j£. 0^1 Law dLi^-fl 

r Usai^l ^J£- Ci^Lfc. J^a». j JJJ44 Ijjl tjai'^l 4 AaSa 3 j t^Lo-ajJI 

I 44 L 110 33 ^^ 33 ^ 3 ^ 3 oj^>ll *LlcuI tjj^ ^ <j5La1I 6 jib 

^jlill dj^JI (^311 (VV-N) JiAll 3 


0 *\ 





150 300 450 600 




COBE ^^111 oULj C& J^UalJI :YY-> 

M 

4jc 3 iijIj^JI 4jsLxJaJlj 4 j 4 j 0.1 II ^ L». /.7 i| uAx 1 

jl ^ aVjt ^LjuL)I 


4 \ Q \Q -V. J£,7ol ^UcU-T^I ^ AX t X 1 1 (3 

k^j^Oj J< »m s Jli ±X1J I \< ... Jl-0 SJajJ^J-A 

jSl^o (j 4jjill ^1 Jj 6^ jL^jl 

tj\j^ ^Lulu iSj^flLo pljj-uJI o^iuJl 6 AA {J5U <1 J& 

i^jjJI 6AA Jx. (jLfl aIIa £-&j A^julL c. ^jilj <jro£JI jl^iu^n 

j-ulSJI j 1 "w Q *N 1 ^Lfl <IaIaa. ,nr>j)l ^lJ! Sjj) </lll LfljJo J .4Jal mil l (j»o 

** *% 

jlill 4 _jL^jJI dWSA ^| jrvx (4 JjLqjuqj 4 n lVi \ o ilLa. 

3 ifllSl plj^xuJl i_j J) iull ya.H uiiA t4_ojl_xJI (jja 4JL^j 

^i^UI ^/UuLII AiX ^Uo3jI ^AX aUa (jC ^aJoJ L*~a 4 jL^AJI 

(J) (^oSJI (YT-N) J1A1I juxjjj -0 f-*ll YY-N J^* ^0 

^a^qj 5JU (3^ Joj^ju JSLs* ^jjo 1-t.Jaj.lrTir^. i jjJJlII ^a^j-aJI Iax 

4_»A^ii-o dllA (Jl^-* p1aj. 4.,.JI > ,j..5JI *£. 0^?^^ 

J^\) ^Ia^oJI ^j£A\ j^l^o J oljAj^ii Ais j Singularity 

.( £ ^uiJI rr-> 







3^ U 



• 

i 

i 

I 


□ 

IB8I 

H 




(^ojjl 

(v) 



(e) 


c-jlj^-21 Jia <j 3^-*-^ f-^ J^-^> 

^j^.1 ^1 / d \ > 1 \\ a ^Loi^l^ tfolsick holes pI j j^uJ I 

iojlx. i^uC> £-3 ^ill c>° 4 *jI d lA-Osi a (J^-I^ja 

(3 ^^ijj-a-U I»1 a £>Ij^II .jro£J! jjLa-uAj^ll dJ^-jja pLul t3 


^x-ujLflJI tol *(‘-j) ^-uaaJI l3 ^ ° L a Aj I ^-uD^-a (l) 

dij£> {^> i>® cA^sJ ‘(g) 

.d^Jjo^ (jLojl <3 








4j /nl xfl II jLoJa^j >jLojl o U /uJ I 6 JX Jx j^jl <jJi\ 4SjS-v <j 

^ M 

Lj, SAJI SJLJ! j al^ Hi! j^jj Lo C& ikjl d\±Jt, J 

^LSt\ JJ>LflJL> .LalJj 3 - 0 *^ I IjXj} t J..va .ill JvQ Tvml l (3 6 >Xa-) jl Jt \ 

. 4_)^ l j-^1 1 l^Lxolajjll ^alaJI ^v-ujLj cJSj^aII P-laj iq 1J 

** 

4_Li_x-txu 4-*J ^ 1 J a j *nL> J^jLflJI I JX UatUsOLxuLi Jjl J^jJla ££j^a^ 

l a a i 4 J 9 1 l*s 4_fl 1 a Jx 4x Jj .ha 4-a. La^ L*_o J. ^1 ! 6 A£jlo 3X 
Jx jxuJI Jxuuaj LUaJu Jl ^ UaVJ iljlkJI Jx Jo 4a»LaJ)J1 6 JX u.u 

cl J vai l J > ^ ^ * *^1 4 jI 4-xfl id ill ^ Lo- 0^9 . (YE — ^ (J^_ 4 *u) l.frU^ L SjLa.iuJI 

<lj]j £_o^ tJli^vXaJI d \*C a /\ 3 X 4 \ rii^V * 11 4 i 1 a a 11 j| J^iLi *(£** 4 \ \ 1 

CjLaLaj ^ ° llxo Jj oJ idjl \ d'vll JoJJ SJ'bLladl Jx j-o^ll I JX tdi 

' 4* 

p f p P 

UxljJ I Cul j ^1 3 ^ J^!l Jx (jl JlXj Lfr jui&h 1 0 MtQj *jaa" Jj j G J-jj 

lJUj jl*!; - 1 /i> Q\ QJLAA. (^lll CjLaU-jJI Jl Ij^^a 

*• 

<j^ 5 ll a t -^’ Nll LoLaj 1 11 * 1 1 al-Al (_gl Li 4 _ilj u~ifl~ill pLj-iAJI 

^jJI i^l^JI l^lljJI J JtHI upLaJt Ji £t^ ‘ 3 > 1 ' U wJOj 

■ ****** « *”' ’ 

(entropy LujjU)ll jl) f mJ ol ^ 

4jjLfl_c S Jail I Jx 4 ja.La.jJ1 Lq J X ^JjjaJI ji x> Q 1 1 Jfl-ifl <Cj-3^JI 

jii <4-ijl j-aJ 1 K ix>LVudJ J^jlxil LLlLsj Jx Loxx I 4-1 

oi J,^-* 6 ^ 6 ^^ ^3 <J^3 *f ^ jI^aJI j^uAftJI jbjl 

^ J) C fl ^ I I X4> (JX j^jlAjlLI J t LLa> ^ I ^ULo JX ( 5 jI>xJI jj ) .i ^ xll 

p %* 

.pllBS 6 Sp3C6 (£j 3 ^ 1 1 JaaJI ^x^Jloj iiLaLLuj'JI IjjJc 

ij ^2 jlxSi\ (Jo Jj lx J JX < >Lx T lauI 4juu IJxa ^ 3 ^Jsa 11 jj is . I I Jxj 

JAOJA ^.jXj (^jloI^jO t,..4..ucn jLxj^ll JJJU-O JaaJ! 1 JX J^Lfij Jo 4 J 2 XJ 
L>JjaI 4^V 0 - ^ J5v 4Ai 1 1 <jl nX^ll ^-4 -o^q ^UVJl J^L-au ^jll oLoj-oiaJI 
(^iJI j_tial^ll gutx^j (^jJI ^ja-xJI ^j^laJI JxaJI Ijx J 4 \\ % o 4 U fl-> 

c CjLoxulaJ! 4>o j^lVvo j^Ja3 2 t°s9 4 j C jI oj tn~\ ,11 ^ j o a 1 j \ a jI 

^3 1 () *kun ju Cxo5 jij t^j^kJI JaaJI J Jt 4JaSlll d>=»Lu 

„^£jjaI 4 U q \ (J| ^j^UJI JiaJI J ^daXj Jo 4a jjjILo dl j ^ - u 

^ H ** ^ * 


0 *\ 







*? ^mU^JlJ I i ^ I 

ic >^iJ liun^L 4 ju»\^\ L^bLjII c^l^5 jy*2 :V l-> 

jUo^l <J! (>«u^l jLWI {jA ld$£ dfl *nl ^iajJI <-JlUJ*JI <S^4i 

•* 

o-°^ J\ s4*\ j^=>^ Cy* ^ ijL *y l 5 s ^ V H wT^* 

.jLxjla ^ali 



JJL> * *_* :4ajI^JI l^lkdlJ ^1111 o^liJI 3 ^ :Yo-> J 

M 

; Cjlj ^LujlsI 3j. ^-V aJ I 4 Jrvfl, \ * 3*3^^ 

.Jjualjl* J-t (_^jl>iJI j^-uaiJI jljjffl 



» 





3 


io^kii jtUJJ J^kllt (Y0->) J£A1! j kkJI Jl^ 

w 


J* ^ I j J J) LT^ 

M 





(CjLqlXxoaJI 


- & 
JuLlLA 


JikJt 


■ do h-v a i ^ \ I dljjj 3’ 

^ elil J^aj jo^S! ^1 o£U3 


^ ^jJI Lxa 4 fl h^ll Ci^UJl ^ va^j 3^ 
«» 

IjLai jAX,> 1 A fl \£\ IjA ^ J-U dfl 







Jlc^ Cy* 3 C " Ha .J <oT> a \ tJj^LUL S 4 fl l*i o cJjwU 3 I jaJouuaij 

3 ^ 

^ya 4„mCU ^jljuaJI I L> 6 J ir>c\ Lo JS \ Ji *v.~i Jju J \ < m ~v .d lj fl J (J^Sa 

«* 

jj u ~\ o n j.j j7fc" 3 [ (3 .4j^>iaiii 3 Lo 1 =* 31 ^-iLaJi jj£l\ 

LuJa Ca* 1 ? *SJLill ol>t=^J 1 plj^L) 

^ «» *• 

i 4 ft tlrwo L^j I 3jJj ^j\ ^jIxLluj ^ ^jJI g-l-x ui ^t fl l l ft, x J r> Lxx» Cj^!LaJI 
J^jaJI 3-° Ijuft 3 4jual^JI pLJl^I 3^ jJJ 4_> |xLiJi 3 \ If. Lo_a 

laLlj!Lujl^ IJlA 3 | ^ 2 kjJI tL*_C 1 X&X ^ iSJ>3 LJ 1 

Boltzmann’s cull ^L ^Jj^ail cutill 3 <^rA$ ^^11 

3^}liJI LjJ j j -u r^ -a J1 J jj constant 

** «* ** 

<Gl LaJ Jji^j <aljjj (^jI>^JI j j^SI I 3 | ^JlU' 

** ** ** 

3^1 < Lt^jjL)l I 4 J CfcS^pl J jr^-»-u3 ^LLo jUoj 3 Ift 4-Oj)JrVlll cJuL> I j[ 

«• 

JlLalj 3 I 1 -^ 3-43 * j^U j^Sxl i^liUaj 3 | 3 £Uj l^jli <jj)i^Tv 

oliLkjJI 3 I 3 — 3 L*aL 4 JLtu.ll ftj Lft 3| l~\j ^ * Lo Ijl — I juft ijui) 

11 oULLUL 4jjliLo 3^ a ' c> 3-^“l j 3-*Lfc j) ^ * 3 ^ p ^ ^jJL) j^^ll 

^xkli t5j\j£JI CjLsLLlaJI ftj_ft Jj >1 3 3uMiiu Ijl dIJjJ .SjjLJJ 

ijyftj tj< </?>i 3 ^-* 3i Sj^aJJ 3^ ^ * 1 * ^ <Lua^i 4_»i ^ 4ji 

3^Jl 3 oLojLtaakJI 4_o tdLJj 3^ Oj JLzk. pljj ■_ * t mil 

LjJ 4j^a_> Lo ^ft JxiJL 1 jjftj tj^lj j&\ oULLoj Jl 3^" 4 ^ 

m 

.^lU) 33>LfiJl 
«• 

ijjft ^ I ,^3lJl uLlOJ Jj-gj Lo 31 ^ 4_fl_LA-TV 3 

3 I 3jl t 3 ^l 4^o j)Jrt.Vil ilLa. 3jJU LiS IjJ 4jL ^Ljuuo 3 ^' 

11a 3 ! J^j tdJl ^AflJl 3 x .3 jSjuu1I 3 ^Lol^l Uj'JUw 

3Uj l /not <jJLxI 1 4j_»jJa ^Ij^JLujI IjJjLa. Ill lia^JI 3^11 111 
13^1 6 . U^xill 4_flLx. 3 ^ 4^1^311 3 I (^j-ljrtljJ .4 juju51c 4-fljjJiaj 

2 <> , , p 

3 'JLoo^l 3^ J^Luuj 31 3^ IU 

3 ^Jj tlfl "’k \ </> 3 * LjJ 3 ^u 3 IH 4u^JLl 1I 4ijjJo Ijlo jUxul Ijl .lljft L^jl^-o 

«* 

I Jj J-O^l 3 I Jn^? 'ilLalrwl ^J^SlI P^iJI 3 I gojo-au t^aiSlc 3^ 



1a i ^ f yjz J LaJ 1 ^ i ..ill t j Q a 1 1 



J j <LJL»1I HiJ* l^ .w-„„ l |j| :V1-N 

Lo £.5^3 ^ J i-Tv di\ t^j^Lxil ^_LojJI 6La-3'i!L ^SLJj (VO — N) 

Lixjl t3 jljjl ji JJI OQ.I I (j! jA>j <^-£>LL J 

» ** «• « ** 

gtjljtlll (jfC. li'^LLi.l v t £-a 1 =JL i^SlI ‘LLojJs ^jc. 

d L. -v-M 1 1 sUluJLl 


- is \ < A \ it Jjfc I4. xaii 4 j>. LzvJ^J I Cj % 0,-v cciJj lAJLi .6jLx_<juJI { Jj^ 4 _qjIc 
{ jl j (Ja/uj ^t j ^ i.^aJ I j^.tijinJLs -|>t xvslt j*. jjiq" H i 

I jjfcj tLo I — 1 Will dlllA 1 g X.J ur>j) /7ill til! J c. u3Lx£> L^-XjU^J Lq 1 >s+>^ .7i 

i_)Lluj^1I ^ I "■ ' *“ (J L* \ ( 1 ^ £by y~*~ 1 La ' * i lu 4 ^ 1 1 1 i^j ISi ^ Jj 

.(^LU j JsU J 5 l J^l O^U Jl .alj^l Jl tLAa \Ljl 

** ** ** 

J *N Mil l lj Jjua^il ((JjLflJI)) ill ^£t> £uX a^jua Jl LP 1 ^ 1 6^*J 

(j J JI^SI I j a'i . i n j — (((^l^Aj^l)) ^ Wi ll (_>ufJj — (V“\-N) 

.^oLII 3 ,jL^S\ll 

<*% 

p p -3 

J-xiLuill 3 i ^ d 11 Jjjco jLjjl 1 1 Lm I ^jl j£jJL 

(3 <J Juxll 1 >1 wn I Lol i j^l ol-Ltt ^| 

^3 dlj Lu*_a j_i . LqLoj i q 1*\ j^q! 

p ■? , p 

(2^ 1-tnj.r^.i StilijJ (^jJI Lo </o-^LU (3 (_£jl Lq ^/cJo 

* * •• •* •* •* 

^jl 's ~* Q 11 (Jj-JLjQ ^o-^LaJJ 1 \ 1 ^ K LajL ^Jl^_tuJI IaA 

.^uill jUii'ilU jJi\ (-41^ 




yUOAJJU-U IQ 


-33 



^uLiiLo /flinm 10 
j-=^ 6^' 


27 


jj^J! 3 J^qLijlJI ^.1 ioVv^it ^ jic jJ\i 5JLaJs ^Lxust^l : VV- \ J^-uj 

.jiJLl 

I 3a 4aj5>Lo wi-i 3^ * j \ KJI jL^Lj 31J Ij^. Ij^juo^a La 1 3 \jui 4_xxi Jj ^ 
CxaJLc jejJI 4_*3l_JuJI oL jKiJl .(JjaJJ 6^311 ^yd c^3JI 

"tr " " *» 

I3j£. JjI £_o 1 (3 AAacI ^ ^3jIj LfiU /no 13-A 

JloHj <cr a jk -i ix Lll SjSU — Jlxxj Ja <JI L&J 3 j?3iflj lJ-° 

%% 

P 

£_jjl»Ij ^Uaaj*^l ^yd 6 j\j& 4ja*jJ ^JuC- 33^"^ 3^ 3 &3-A 

• 3^KII £-j*x3 I 3 jSLJll 3 jrLfli.1 3-° 3^ 

P 

3jSJI j-^c- 3^ Uj3a 3^-° (J^ 3-*^k £“ uj 3* 3s 43 J jrLa Ij 

3jJI 3jj) ^gll 3-° (J^uJ 4 jI ^-i4j Sji-flJlj . 4-ul3.il 30 10 ^ LUj-Clj 

4jlxu^j 3^Jsl 3-° 3^ 13U 5 j^-a 1) 3^l>^ a3ua 3 33^^ 1 $ 3^ 

13a Sxj ^-SIj 3j XLAcxjloa j3n xu 3^1 ‘10^ £-Lu 3-*^ 3 J °^'*-f 

.^-Li-Loll 33 ^^ 5j^ q 1 ^jxjljJ! 3 Aju ^ fl ** <— >Liaul I 

3^-311 3 *° 3 ^ Lo 6 3a 4^JLx 1I 4iLijJa jaj LK 3 U 

Cj _/ 333.l 3s CuU 131 — 4.u,\ ill 4 JUJI 6 3a 3 ^jlS^u ^4wO J-A j 3 ^ 
p,la3fc3xuU 3 Jg 5jL»3f Ua3 I3j_^ .4 jqjL*JI ^a — 331 

^Js 3 3^3 -4 JjoI^ ^0^3 i ^a LK 3-3-* *33l-$-M 3 A ^ Jt -^^ 13 a 

.(YV-N JLSl) ]^J JLJI Ijj I jlj UK ^1 
.3jiU ^JUll ^1 3v^l <_u.u.> ^juiu L^3l3 3 4^JLa-U 3[3 «cl!3-! 

Ll3l 2-43 .^\KJI 1 -v o 1 4 _laU 111 j ^vaj 4_»^>33 Jl 4 j^.U. 3 3^-x^ 



iVLA JiLaJI pL*3j4 


L$ii ^Jjlj Ujli 4 >^Ja\H gjx 4. i^Lq c_ijjij 
4 mLoXuuq (jl Jj . L*_o \ ^-ojI^JI d^ 0 ^JL*Jl pLi^xflJ 

tdili (JJ 4iLub^li .4 V*\ > m'^L^J) pLij-iiJI Jx Lfljl cC\ ntl j J_fl_> C-ljJ>ji Jx 
^)LaXj*jll 4JLi£L> 4_t^Jb_kJ1 6 J^vu 3 Lo ^ "*■■ > 4b£ J^jSl 

. 4_l1c 4j> I ^ Q~ « \ ^jJI 4 ^uXLj pUbl^l jJl5 Jx ^jlSk 11 




fl m> 


<4 Lubfll J-iXjJLi 4ji »i <J)llft,fl ^i-miu-ajlj^J j>X ^^>lbj 

.dUj Jx j^l ^ t 

3^* Ji c5>^* $>» 6^* 

^>X S^jpX ^ \ S t Jx '*** ' ^ 4 lubj 1 JSLuJ I I JX 3 • ( v A — N J^LaIj 

J^C. tjja^jl 4,fljfl rv 3 J . iij_aJJ ^Loj pI^a^JI 4_S^jlj (_£ jJI ^xs^i 4 J^-ujI u-Xj 

Jq j)JraA-ll 4 W a" Lo IjX^ 4 4-J J^ix* J^_ujI i^j 5,* ^1 Jji-lj SjLII jl, ifl >1 

4.tjubji ^xjjiu Jjjl JJaxJI lix 3j oUalajLx 3 

.Weyl curvature hypothesis Jjj 0 W\a 5xub ^1 L^k oall-,1 

p* 

Jj-L-uj 4 \ . A j a 1 1 ^jx Jx 4_S ^ jJLjq 4_>^Jbj 4 jI JxCunj ^ ^-Sl^Jl 3^9 

pL»^jlA £c a J 4 vQ v< (_fl^xj ^ lii^ 4 \j U>\ II 4_*xLo |vl* j ^ LuLfl tO^-jubj^j 

u4a>J LoJaX^ .^xub j^JbXo pLjjiu 2“^^ 3 -0 

4.auJ) 6 JX ,a> jljj ^jjq Jut *j! L^jU <4_j^JcuJ 1 vJJL) lXuu^jj 

Jfj u 1 -Jfj j^j^j-o iwjji (^' U -J- k Oil In I ^1 

CiLfll 3 — * * * ^jJl f^j-A jjL/a. 1 1 P^j^Jl dilj 

** * * ^ *• H w 

j 1 ^ fl Vj I 3^kj 3 <0^ ^ <-u <n lj jil ol^rplij 

C- 

Jjj jj) mn CjZ’ O Ij jin jJ 1 ij\-i mllil g-ojJl j fl mj ^1 Jj ^! < 

.4jLx11 6 jOUX 4 A IQ (JjUai 3 jl 4 ji-uO 4 ajaII 

fv /-i i a i 1 ^YA— 3 vilJj Jxq <1)^9^ 3^ M1 ^ 

jjOsJIj .(Y < \-^) JiAJI 3 £^s*U L^uI) ^jxlJ 4j^J <(g) j\ (I) 

j-z 3^ ^koj 4xljLij ^1 4jL jxajj Jjj iuis^i J\ j£ jJL 

1 ^ in Q j 4j^j>-ti Cul^ I j|^ .(J-XLujlU CjLiJji^o Jx ^jjuLiJ^ ^xLll oLiJ ji-® 

M 

ji (diJj JJU 1 ^ "5. %_k ^1 (Lo lx (j^^J jjLi J -» ji j^ajujjJ ^Lq_xjjJLj 4_juaLkJl 






ol-j J_>ik-o 



(s) 


^ \ a j \ j & j 1 "v q \ 1 1 Ijaj J^JjLo J*t£ll (l) :YA~N ij^../n 

iji^JJ j[mLA Jjj ^ As^IaJ J (jALxXo Jx. J^Llui 

Jx. *ijj — 4 j 1>=^ (j A i dfVu >-i£ J Lazu li 

«• 

|u) *(°°) (J-*^ — 4-ul^j^! ij — 6 Jj JT. plj^ui J.xiaj 

^ojb (g) j^u! eJai; J) ill^ 6^-0 

(_£jl^£* 3-C- (J \ 'H A ^ ^**7 a J\J& jt ~V 0 \Lj idi-i 6 ^ J)"l,fl^ 3 n5^ 

.jX-uaJJ jl ma ^ 7 \r> ua 



c>° fJLaJlj JiLaJI 



^_J^J I jU^Will 


(jaLi) jru£ jUJjl 


^ t t /mQ /J ij ^*1^*1 A d jLx xLuul 4lL^. (j - - N J^ -U J 

<Jj j ■ ** ia <Jj|jla C^jL^ 3 * JJ) jLc. (JaI^u-o jl^-ftjl llijJ 

****** M ** * ** 

tpl iA nil ^_yo 3J^g_a j|j£.L lift g x } >ui 3 * 00 

tiijljjsjl K AjoIjjjJJ ^IDI ^j^jLflJI A£\Sj>1 aj£ u-ut^ Jl 

M ' 

. <-> 1 £-a <LlK ^Qjl xl \ >1 ^^ftj 


{jr fr^ 6' 6^ < jlilt £*A>^ J ‘c 5-®LL' 3 oiJo 

Jifll/iill (j JL^JI ,^ft La£ ^llil j iojLsJI ^-O^iJI 6 j-a^l 

• ~ » <• * 

<^UL> JI^^II <jx 4 jL> lg. xsJi i dUj jjjj ^1 . (Y^— \ ^J 5C , At 


.<ji (^Ui 

^ £ £• £• 

jjjiuJI La : JJjuaJl lift (J 4 jL*JJ Log-a 'illj-uj £■ j-L>l Jjl lift j 


5 


iiij>ll j5L«i 4 jL)Ijj (3 jlll j3 ^jl 4-J1 a~i V^i ^jl j) »ia I I 

<LJ Ul^ I 6«lft J SJjLfiJL) JUJI ^ft La£ 4.flj*..i<o <jJ 1 <oIa. I C-uL£ j 
*? JJ^SUI J^lJI jS Lai ,(10 10 ) 123 (> (> jsL 


Jacob Beckenstein j . 1*. .v.< . 1 g a i ^ j ixJzLj 4. x . \ . un > J*H. L>a 


V £YU jja-dUL jhul Stephen Hawking glSy* c^i-u-uuj 

JjuOA-IuJ LjjLi xjL-aJI 1,1ft (J-C 4 wAljjJI 4jtJuuoJI 6 1ft l 1 5 \ lr% lll^ .J^xu^ll 



f-lcj 



^1)1 (J Saa^JlI 4lofl jJI aaa *_1jj :V*-N Jixu 

•J^JI ^- >^1 1 Cy* 1/1 0 10 <ul jZ <jj£JI 


-6^^* J-c- Aoi*-* ul 4JJI4JI ^Ls^l 

«» 

^jilll j;Li <jLo£.^!I 3 Lx <7 1 4-Ltixi! ^aJI 3^3^^ ill^ 1\* <Aj 
«* *» 

.<At& L° ^JjlIXU 3 ^ *■ i l AS afc^l t 

^-ijl 3^9 -* w a4?5L1I jUaG^I 4_lLoc 3 4_Lojl^iII i5jJI 3 *- aU j IjU 

<( V * — \ ) J1A1I 3 aU j cx^-lojI aS^ tijLiJJ 4 aa1 Wn <Bj L^Jil SaLoj 

<Jxqj jxaJI 3 ^Lxli 6 j\ it.ua 4JaAj jL^j| 4. ijl ^ (_£jJI 

3jill 4j_*iu 31$ Ijl l$JU j>Lxj a5 aj ^ (^lll SJ/^I 

Qooa 4jLfl <JSLudJ 1 fl^ln ikiill 6A& -Lo A=w Jl 4jufl <jjujjlj ^aJI 

,(10 10 ) 123 «> la*U /As ^j^kJI uAI j joA J 

* W * * ** ** m m 

A 

4 3^5^-11 3 J£ ujUj Aa.lj jfl </*> ^Lloo-toil £yx lj|j 

>l ]A) Aq J AC <j| ^ua. tJ^olSJlj AJjJI 4 ->Ij£ jxLalxul ^ JJoLai-fl 

CjLjuoIjjJI L^_> jil^u ^aJI 4 _xJLJI 45aJI <j£ Jjuaiil Iaa 3 LuJl^a Afl.1 

** 

<^aJI t4jjlj-aJI I ^a oI uaII ^LlII 3^jUJ! 3^- Lubul Lu a^jj .pl_»j_xiJI 

4jI ^.VAA 4ja1c i^yLUUi I ^X j*l£. 4jl J ^JlC 4_j_fl J flu *■■> 

3j .^Ljlxi 3 4xol^ 4 jlJLj iB Aj 4j£J^ — 4_Baju=JIj 4juI^uaJIj 

«* 

i"> ,n jiil" ^jJI 45 aJI 3 LaL^-mt 3^3 ^LaJI Ia^J 3^ c Cjjy ^- ^ ^ (J^c ^ Q v 

^coaJ iaA^LuJsl SIj^I ^ib ^ aJI 6A4J * J 43JU. I4J 

w «% 

l^jjl j&J 3 i^UJI 4 jjuuoJI 2_o r CII 4_» jia-i 



JixJI <^3^ 


CjLojiLI jLs^jL ixaflLxaJJ ^jJoL ua ^Llll iJ u 3 fl I I c3 ^jaLfl dUjJ .(jSlI 

% ** ^ w ** n 

.6,1^ 4-ijJcu ^ 1 (} \\ <\ <*Vi jj^aj^-flll 


*\A 



JduaiJI 


jCUjwA jUJI 


Jx 4 jlJLj 4-5 JjoIju ^Ljjidl ^JLaJI jl Jj^ll JjuaiJI (j 

4ij-*-Q dl^UalLujL) j . ( V— N ) Jy.niil (3 Lj-oj US (oLixtbLijJI 

. 4 J n I p LjJa^J I ,_ul^a, jij^l i_Lu3j J'iLa. ^yi 4_iJ Ld I oLx-aLijJI isj J_c 

Jl Eugene Wigner ^.li p.U. 5^-i 5 ^U-o jj 

j^S/I ^^1 Jji jJJ! 1 . 1 a 
«* 

((iuLijaidl ^jIaJI j oUuuaLjJJ Jj)Q * syA]\ yuLxJ)» 

4 _ajL 5 J j j^m Lq_i_s ^ 

S j j ^j -0 Lq Ji Lgxaj 4u_txu (J-u^G :4->j_Ji^!l a /■<. \\^ II 

jO -»3 ^ Sj^=>LaJ.I J* Lo^J (_£Xo Jx 

<dJj *-ao < 4 ~oLaJI i^uilll Cj I I rvj L j uUau * LoLq 3 4 jSLa 5 j <jJai 5 ^jl 4 -uj.XuiJ l 

^ • V ** * * * 4* MW ^ " 

4_*JLa 4.5 Aj 4_xx> II jxaaj <4_JLoJtJl p U. * 1 4-jLfl 

(j-° *^* 1 ^ * 3 ^ cil I (pflj 4 ^-jj ^1 iatil : 4 jj 3 ^juJI L 5 l.uKj-U 

4- il u.xi 'i 1 1 4-a.L*. £ ^L^°s5 <4->l * 11 4 jLvSJ Ca "» iJ 1- fl 1 <10^ 

.4-5 J ^!i£! golli Jx i^-v 11 


(j-Q jro£ Jx Jx l$Iaj cuTi :Jj j)uu^Lo H-ixt lli 

j)l» * j Loxs jvc 4 q is jjl oLc-lxu^JI 4_j| jj 4^yjLoL5-i! 



<>0 JaaJI ^^3^ 

j«>tlflA< j .vS*! Jl\ 1 SjjjljJI ol^^-ll ^Ajv <^UI x tt^Luu 1 ,,i.l ua.i 

.J&] j\ 10 35 jJxl 


J| 4 fljflj L^ll^ (J^-2-ll CJ^ 0 ^ ‘ Jj^ (J-i-s^aJI (3 C^ ^ , L .^, t> l 4 \ \ m\ 

i A.iVtj^ \\W 1£Lx>1^a 1I 3 f*-S>JI i a*i^ LujAj ^-^5 tlO 3 ^ J *3““* 

.^LLuIajI 4j^Jb3 JlC a 11 


# p 


J| 4 5 v a , s Lucul j^ajlj Lo^ (J izafl II IjA c^ j) j^a Infill l£ Lu l Sk - m 

^1 ^quantum field theory JUAI Jj .jjju 

M M ** 

4 is\ l -s. 1 1 d \ \ / 1 1 \ 1 1 4 1 Ij Jj ^ Lq 1^- lit 1 (]*^ * 1 1 K v t l^_j,fl J L^J I 

La U.J .10 11 <>*>». ^ Jl L$13 j cU=>j ol^yb da.jj 

*i jjj < Dirac units dljj j ola ^- j ii ^>*11 oha. ^11 ic.j^a_o j 

L,lio ,1.001159652(46) Jl f >J! J 

.1.0011596521(93) SjliLI i-dLlL 

«+ 

USa ... tl Cj I tiA t > jJ| ^| 3 JIajj <CiL»jIalll 3 1 -*^ ^ a 4.1^fl*> <Loj 

t4_»i Juaju (_^3JI ^LjjiJI JLjlU 1 (j fl u?%j <3 i I i a j X*. Jl 4iuflJj SjjJa 

A a3 <pX^I ■ «lLsM 3j Jja. (3 oLa^Lj^ 4jL*JJ SjjoIo Liajl L$lJ Jj 

4jlLlua gj v^ li^ Jx ol.i.uo LjJI 3 SjjLfl fulfill ^)L*J (jl 

CjLiJi-iLjJI £j Jji SJla^l (jAaj <^Lj LoaJSj .i^LjeiJI oLijialll (j-o 

I4-uL»j_»aJI CjlAjJalll oLdlaxo 3)^ 

%% 

a.a.s-^i t jIjpSII • 

«* %* 

li .^ l 4 ,.. Ufl It • 

4 tl lA l *\U Cj^jIaII j Joi^SJIj JjuaLfljJI i >Lujl>. • 

p ^ 

symplectic geometry <»r><l>A. iuJI 4 ««i._v\a ji ^ Lilli <Lu_u 4 -ujJ1a • 

*m 

4aS ->^1 id^UUI O^aUll 9 iiLaliill AiuaJI • 

mo j|*C \ t rt 4-ajjlA^ 4-uujlfc • 


V- 



fSJI jUJI 


S (_yj 1 lfl II (JjLSj JJj^o U 


^ 4_i J_lLcG 4_sjJaj 


«* 

S^LUJ Jjlij jjj^uo c 

\-Y j^a, 


3jS : jll jIjcSJI • 
Hilbert space o j ± l *> *LAi • 

... <JI^jJI • 

< Jd<~ll j Jx^lilJl l al r,r<\ jU\<1 <d_sNU! d W ^ I jil^l 

C^\ 4_iic. J) lift a Li 4j uftLjJI (jjuxu^i jrj-fl^l) <_£iUi 

CjLjjALjJI {ja iijLull 6 Jj & j CjlaI^ Lq JjuC-j .4jlu^_uJI K nK ill 

6Jjli olj L^jI 1 lAtl Cjjjj I JjflJJ <4jL2kjJ! 4 -uALjJI JjLojlII Ja. JlC- Jjla LcxajS 

• <3 oLuALj ^j^ud-s 

^LuA^I ^xiilJLa (3 *bLoALa ljuol AI aI (Jju^flJI (3 

^li^uLai^l LaAj — dj^Lt djdj J^Joj 1*^ 

JjljJI CjI a \ m-\ II pLj^lA t— Luaj ^1 jJLua^l i a 1 -v Osl 1 1 

J>J1 ^LL* tdjd.) ^uLxiLo ^j£. s iuL.ua 10 20 jt vSa t 1 ^ 

•* 

p p 

(3 i lyt. > Sjfl~wn,o ^Lua.1 Laj! dJjjj — ^laujdJ 

c-L»3^d UiLua^ (3,3 i j-oju 

M 

^o^lxul ^ jAjujaj Ijjl <3 dJlLcuIl I Sj\jJLI dS to ^ <1 Oj^j .S-LuiU^II 

pL^I! 4jl_^_> £yC 1 \*\ ^-C. I jlxtJfcl t^JLxJl »■ Q i^J LoLC» (jrtJLTl -ft 

4-A.-ui.» ‘(^-Y) J^dlj •Jf 4 ^ jt t>° 


VN 





Of 6* 


J ! 1^ i\l^ \a ^j^aJLuuJ lid I <(0 — Nj JSAU J-i^^ll ^ d l o 

t a i^j 1 d \K \ ,..Nl< II pLijjJJi nn j ijroLuoJI ^-a 5DI JaLiuJI (^ j)*i n> a 

' M> 

f. 

^ I JjkJLuuLj j-A JaLuIiJl ^j^gj-cul Cjj-^u I d3^g .jA-ujI^g jU^J J-C ^Al^JaJI 

' »* 

(Unitary 7 l 5 -*£L1! laUuill Sj^-j ^ j^aaILI <^^^-11 JUl il jlIc U L-s^a. 

T ^ 

j^ialxs ,^cs pUj^AiJI CxASljj J).v (i i j3^g *a il JI SjLuj^L! Cj 

^ alk't ^x. LoLoj d a \\ ^ a (^ol^5 (ji Ij^Ja Jjill J^^ a-H t3 

%• 

jjl jlaTic I Jj) o n\ AJLo 1 L% q > ■ * * LaA £ ^a.^1 * I3 ^.*<> Ijl I |*-1 LaJ I 
«* ** 

Jx. ^Jl pLjpi a2 I jt 4il ^ ^Jcl 

$ 

^yA .l^J-o d ^ i^Al5C_l l pi tflli ^IjllxauI lllcUai^U ^tajuajjxLfl tL2L> uiLIa 

JjLflj ^1 juiialxud *ilj i 4 Cl h A .a 6jj) i^i gJlcI <ji Jdjl i(_£^a.l 4jjall 

U <^a£JI v ..ail I ^gl ,i-<A)^i^JI (j; j) \ Mil l jxJ^LuU La| tLlL&C dllj 

«■» ** 

OjJ^i fLo-^' 6^ (j 1 " -Sf»J Oa. JI £xa>ll 

*» 

jJ-C. Jgllaj (j\j|^illl (j-° Sj^Jjj 4xfl idllA i^jfcJaj 4^ rw ^g •^JIaJI J I L^J 
S^gjfi Cili^g .p-Lo-lqJI Jlc jfiJaj L/jtgiLlI (j-o 4 fl l"\ ■v.xt 4jLfl^g <4-i^j^!l S^JI 

(> d^Ji J UJ ^1 ^ iSjfij ^aLJI^ J& ifrj 

•* 

.L^-AU-ftj pLj^aJi ^_ijJa (j£. I 4jl ^jl^g La-a ^j’^iLo-AJ ^A-il^-flJI 

^3^3 lP® J 4jL1us Ji f'ljjJI JJ lAjl 6 ^i 

C5J 1 4JJLA JJ 4jlA^ ^-q^JI ^j)~i mil ^X. ^lioj (^A Sj-^-1^3 4xfl 

.^^Jl 

m 

( Jglxjj t a vq d -v iX jl ^1 ^Jlc. (j^-xlu (j 0 II p^g-uJ bls^lj jJLallsfcl 4-aj 

j^^lj ^j->l3,injjl 9 (Jj ^g-rf.u^ Loj J^j_gjui pLa-tol CxA-ua^g L^flJ .^N— J l^J L 

Ulj .<(j_AJAfc.» d^K iiLo)ll. <«^^j m*^L^JI i i. i l I » — j jUa^ll 

1^< liMj ^pjl iftdjiaJI ^jl tjlill Jfd-LU J^C l^gdK ^4 jI J-uaSl ^ 

«• 

|sj (J ,..<1 ^^al^/Lfll LqLaj ^ fl lr> ill ,4 _xa 3^> 4»fltj^Ja ^JLxJI 

« ^ » ^LLqJUI i-uii-jl Cul^ L^-il <4j^9_pl b±&> l *v l~i Ad 

+m 

(J^k. pLaIaJI 6 JAaAj Lq (JXlJj k iLfl ^jLjJa-i JI ((^j^L-fiJJ (JdlS))^g 

3*- * v JI CiO-AC. (((j^A^JI ^jlxail))_j ^J^lxll jUa^!l Jj pJL*-ll 

*« ** 


vr 



fSJI pLjoi 


P P P 

(jl ^ tjlj ((^^jJ^^Ii 4jjL»-a)) 3 V a K I I 

p i p 

6dA (J! j^cI <4aJI .*> * '■>"* ^^aJI <J jLxlL v_Llojj 1 o U<L pLj^AiJI 

«• 

lA-*^ ^^1 ^ ^vj ^.ta u-fl*^ljr*l 4 _aj 4^^2vl SjLuljj .i JJ 1 *> ■* fl ^ Jafi Li l l 

•MfH C> . Uu ' ) oL>IoaJ1 

S a 

i3 ^LalLkll {jLj^Loill 1 Q -> ► j-a.^ <LiLai3hr 3^1,5 

^j3*\ ^k. A !l (jA-U^ I (J^l3' /n ^ ^3^ (j^ l ‘ ^-* pl < ?(^”’^) 

p 

fitLa^Li 3 j^J! jA-xuita ^ ilrTt /u*! SljhJ^vj ^SUI Ifvi j lSv jn 4 j8Jlj 

£jC. 1 u tit (J^JbI <jl (^.jaJ I^^xjJ I J^LxiJ S^a^JI l ^aa L£ - u * <J*^La» ^j-o 

* A $ 3 ^ 3 -^ 4_/aa U ^5 v . ilc- I 4a I jjJ I (3 ^ c^^3 4 ^ ^ 

:L & j^oJu (jl fill li-uKa J^-cu ^pJI pLaJu^II 


Lt-u Lo Jfl Q ^ f-J tfiJl li-ulixo «-flUujl (^JfS ^CjIjiAJI _J I^XA-ll) I 

4_usLlJI ^^jJl Jl Lii^-La LcajJa cJj 3JI Ja»lj oLi^J\iJ^!l jLaJil f jx- 
iti_La. t flaJ! ^^^-uai^JI c_fljua jW LfljJa J-*-Xa <jl \ Qjlx ^Juoj Loi <l$a 

-4 ^ i-m*sLQl ^.lfrv*J | 4fl -a > ^ ^jjq S^JLJuua o olj j dllA "^1 u ^aa 

oljjJl (3 4-o-aill <5lJUJI CiLjI^ ^3^3 (£^ *‘ — flaJ^JI Ja j ^larv 

Jl^Jata 1 q Uv-v.Ni\ ^aJ| cbbu^l Ja^loA p^jIij <J[ I \ n LoaS JUlaa^Jlj 

H 

.4j8Jj Sj.-V^v n 4aa» a>o 

« « * ^ 

^jji) Lauo Cjlaaj-=kJI tlLii^j ^^aJI iA-uLloj^JI ^^Ll! 


-1 yi"^ ukt LaLoalxu tLx>a /jUaiLcyuj l a A a pj <X.±a& 4..^ t >1^ ua 
IjI ,1a fl ^ ^ujLaJl ^1 * <7il ft IJjpxu^l ^uiaJI ^La_o)| 

1 a a^L a 4_ulflj ^IjLXU^jl 

^aajjaJI <_£jixuil JaC a^JI K jaI^lo Jlx I jib JaiJU :4jIj^JI 4as 1 J-ua^ 

DNAJJ 

^ 3 ° ^ ^ 4aa^ ^Nllr.l Jlc ^jjJJI 4 _x^juI jJac h > I ^ 3 -^^ 4juoiI 

/ 3 1 1 " h±\ ^—3 ^ * ) 4 * 1 iU .lea CjH> 3 a.lJ 4 aaSL)I 4 x^. nl5Lil) Cj^ LaJl ju 

c j.aII 4a A ^ll Bose-Einstein 


vv 





superflu- ifljUJI superconductors iSjUJI o‘bLua$il • 

djfcj 'V d iAo^\a S^b^ oL^jJ AaC OJl^j 6 Jufe ddS 

CjU ^ j^fd^jl (_£ jll 4 Jj jjJa 4.,ux\ JoLljjI Cj^LoLauaj d is-\n 

.UhLi\ Jljll 3 (^>^1 oUa^JIj) 

gJI ... • 

SLa^JI jLUj 3 ^ A *-*■> Ja*. ^1 6 j-^lILq ^J 1 1 ^ t‘tl^ yu.>j 6 j l_j.au 

3 Uu vq ill L^l^liJ 6 JjJ£. O^UJs ^ojlujJI A Jju lo£ <4 jlq^aJ1 

** «* 

JUlt <jl-® b b na*\ I I Sj^l dJ3 

«* *• 

^ fl 61 4_>jjk^fc. 4 _»j1aj — (jjI"wm\ >^l 4 _uoju 11I 4->jIVtll ^Sdl K nKUa jUJl 

^£]| JLJlI 4_j^Jaj 3^® tU^Jjj 3 ^ '“ La5mi .CjLaj-uAaJl pLa^aA 

«« 

4JLjLujJ1 <CajL5J1 j-LuU^ . 1 0 1 1 Jj^b A ^J1 3 iX> * 11 ^Cfl-LS J L^aLs 

fk£J! 4X.JJ ( 5 -^ J 1 

.^_11 1 ^ , j \ 1 ^-iA 4_laLo ^Lilfl j^3l (j^l 

(j-a <^£LII 1 6 lUq 1 4-1^. j jjclI* ( T— Y ) J^JI 

9 

cj Lj^j^-fl-Ll bxuouo JSLaJl ^xo^jji .photons oLjbb-® ^-Axai uIauu^. 

b j t 3 UJ 5 -U ^^3*3 • Sj - ' 0 3 ^>^^1 jJa I J^b » * n 4jt 

3 <<L)J^i old^l^ 4 jJ 1 (Jdux> (JjL^ 1 afl 6 \a j 

la£ i(j2xxj ^jC. 1 fl ^ * * 4 I i^O va 6 jj) t/~\ > 4_aH JiAJ CjU^j ^- 6 J! 3^ J^.A-11 

131 t^lail ^j-*^ll dj^l mil . 4 a jLc Cjl.aAjn.-fc. Jj^a Cx>l^ 

m «% 

dllA ^UJaI 3 I 3 ^^ V ® tlfl.Ua ^jk^b 1 Q hoc t (jjisJl Jl..;iJl ^j\5± 
0^1 Ll 2 J£l Ulj L^dl lU^ SjjJC. jilja 

JjA^^Jl ^Ubo-ajl 3 jj^iJl 3 I ( 5 >i.l SjAl tb l \-fc . *Vfl j t JjJaJI 3-^11 

UJLL b U ( 3 jK (^L4JI 131 3 U .J3LJ1 Jic l^ui^ ikilU 

31 Jj-u^jJl ^ lUl ^j 3 I 3^1 ^^3 <4j3 Ja JjUJI JlC liAlnAA 

OAfcb (3*^ 2^® 3JL^> 3 td)3 (JjtiLi 3 I ^UaJuuil 4jl t4 Ufl \ 11 dh 
3j3jiU 3 ^-cu (jjIUl ^JLaAAfc^l 3 U jl iSA^Ljj . 3 ^^! 3 ^ IaIs 

p p 

3 *_* d tii.ll ^^a !1 Ijifc^ .j^fc.'ill l.a.Awi^fc .1 ^ JlI j j5 1 a fl. i 3 


Vi 



pLj>ai jLiJt 



4it!&U ^UJl 

oLi^ill iUjjlj <£aJjJ=JI CfriiJI :T- Y 

P 

.^j^iJI c j) I 


P^aJI j)l P^»Ii uJ .^ J £j\ Lo| <4 t au^I^JI pLJjjiJI 

.>^1 UajJ ^JlL lo ilj>u 6^-*^ J 

^ p£JI Sj.^ j ij>*UI oiib i^j+i L$j Ai ^1 iijjJaJI <jl 
ilU». t J jUJI Jl jj^gJ.1 ^ Ijl^u* -^\> Loj^c J^iLj ^1 

<> ^ l^J *>S1 jt C^l *J c> Jj^il 6 j^ * 

^1 ?4u£jll jljc.^1 jix. ^J^cGuiJll (2 /GJL^JI £a-> /jA<q LxJ I jUrtl 

I 4~xj^! 1 I JLc (2)^^ j I 4J l^, >VC j 

w x ( JjjJI A jLmil) + z x ( Jjj jjJI B jLA\) 

fcjAli Stp jLuil Jlaj ji JjJaJI Aj) .^LS^o ^Ijjp Zj W CU^ 
(.Sbp jLull Jl jrySu J^jJI B jLS <(Y-V) JLSJI J d>^ 

6f JJC (jl p-4-Ll o-« *o3l 

<»** LajI ji S xi Lu^J j .pLiJ^I oUIac p!jj . «w.il l ^ dJjj 

(^ dh°J jl I alau JjLfl 4 jL Q^Ula^l 44 i t ^3jiJ| iij^lxu U 1 tTt^ l 

IdA ^1 Zj w ^ ^jS 4jJUl^l tJ j ^SLftj 

(i j-c&l ^A 11 a tjbjc Zj w d*^ ?lj-2^_uo ^-vi: y\ «no"tl I 

oL ft^Jt^U ioJSuJll 4 jlxl1dJI ^y\Ij ^ialLuU ^ \q p*C I I l< «\1<C t^o 
l)jJAC- d - ® 1 Afl ft tf 4 1 U rt"^l . **«1 A a v> d m I > d \ iOv 1 1 

Vo 




ue 0-° 


c-JLuJ ^JLJjjrtJI jJ^JI Jx 4j$Jil jljX^jl jU tjjJj^ .£A^>a 

** ** 

jljX^ll J A cT\ a }J .SjloJtil 4.^fljfl-rvJt j|jX*3! Jl 4iLubl <i = -J ( — 1 ) 

j^aJ.1 ^1 X jj)^ll Jxaj O vs* t jIaj^J) ^jLaj ^ J$^u LuLaj 4u$ ^11 

«• *• 

jljx^JI J-.tAJ"JI 11 ^1 y ^1 1 JlLaj^ t4jua-jJI 4_ifljfl "x II jljx^j) ^ fl j fl Twi t 
*+ «* 

jLfl <Lq^aC-^ .(I) ^xxLLfiJl (Y— Y^ J$_uJI 3 £^^ 3 -a La$ <4j ?w il l 4 \ K ^ it 11 

4_l]Ll^jJ) jljX^jLt d\-^ Jl d vQ ifl-v. 11 jljx^l jIajI f^A ^Jt> i J> JX ^1 

JJ_xJ) liA J m a" J$-a^ ^ <[2 + 3 V(“l) = 2 + 3l] JJaJI Jxo *4 t-v ill 
111 lx ,(1) ^uJLJI (Y-Y) (i ikLu o$. Jll 

jl — Wessel plane Junta gk«i jl) Argand diagram jiU.jl JiA 

.(Gauss plane 

\-^ jp J t(|^ ^ /nfl II (Y-Y) J$ xlj ,! I 3 itaJLiJ JJX J$ Jn A~1 J^-aj 

jljX^II I t'^LiLo .1. \$ ijljX^I 6 JA gxa . 4 jQj$J 6 J J_x1>q Jxl^JS 

jljX^I *- -a.^ I ^J^JLujlJ ^IJI (^Llo'^II ^jl^Xo Sjxli ^1 j331u-ul J$~<U t4j$jll 


(Y-Y) J$ <7 i 1) 3-* ^ * Lo$ *Sjja. Jx J$ L Xja 4. i,l i^LTi. 1 Ij L xa 4jJLiLaJI 

£.\Wl\ 6 JxU jJj^JLtulj LLo jlj£.Sn 6 JX <_J J$XJ iLlXj) .(t_j) ^-LLLflJI 

jl J-*->3 *(^) (Y— Y) JSjull La$ <£^Lix^!I ^^LulLo 

jljx^ll jJjij <(Y— Y) J$-AJI J 4-o^-tujII j11j$ 4jjLuJI Jl$ i7 i^ll Jlx. IjIIajO 
Jlx SJ-ojjus j! JX^I 6dA jl 4-fiLiXa.^ .Sj^j^a L^j^$ J-q I 4jjLo 4 j$jJJ 

J-C 4_>j,K\H jL> LlILc Jjj* nu LjJ I (J-X-^J ^$JI 4jjJ3j (JjjlujI 

p 

Jx jlXxj jl ^ji ^ a* (4jX^jco J(j <ni ^^xll (^a CxujlJJ 6 J 

4_ijLo ^ouli ijjL^.^1 J$-A Jx 1 a*> SjLrd Jjt_i 4_ualA. <4_i$^JH jljC*^l 

• L^jLjQ J^UUI J(j mil J-aj 4 jIa1I 

p 

JjQ jj$l Lo ^$JI 4j^Jij 3 J^-^f <3 ^ lii (J^ Ji 4jLub^!L> 

JaX llJj Lo i jSlI .43$^1! jljx^l Jx. 4 1 A~\ HI 1 1 Cj-JLaJI iX$l y* 

< ^ /.il l jilj jlx .U L^joJoxI ^IlJI Jxl^iJI Lq!x ia 

K*t 

Jx Jxt*tiii,t 45*11) JjIjxII J$ J-a a Utu JI 4JLa. J^$jj 

unitary ^j^-jJI J3 i ^ III 4 xo$JI ilLJI 3^3 jljxl 


vi 



^Jl 




= {u + iv) + (x + iy) 
= (w + x) + i(v + y) 


A &JX.15 Jcfc J mL) :^Q_2kJI 




= (w + iv) x (x + iy) 

= (ux - vy) + i(vx + uy) 


dila ^iftll 6 JX-LE jali^lmL 



— — (Jj-uixfl) (JjLujjz (J Jdc. J n ) (Ij :V-Y J^L-oi 

4_*^^ll jldt'ill ^ft.^1 {^gJJ J\ \ 11 JjYxillI (<-j) (<_^UjL=». 

.4^jll jl J£.^l <_j^\Al (JxLajJI 


u*j — U >0^1 (5^J1 — jj^sa j!) evolution 

«» 

Lc3 I J <j\3J L^> <■ ^ 1^ 3 j i ^ ^ * » I ^ 43 1 4,0^1 \ 

*% 4* ** 

1 a \ < o 3>oJLaJI <j j0 U>\ I4-J j j>1^3 ^jJI 1 $ *ti&\ 4._q.j j_UJ L^ j j) U u Lo 

* «% 

Jli\ 4-j^^I.I jl jjut Lc^jl a\ Ail ,JJo (3 ULo L£l Ji U^3£J <5jx> iJ-£- 


vv 





4Jdl*i 4 _JlxoLujI 4 d m Jju 4 xla.^Jl 4 \ Oddj .yajjl j^j-aa 43jlli ^ fl C\ 

4jfbJll jlde^l ^e (Ja*1 jTiII ujS*I j^JI I d-d Jii-) wall dleji .^^Jd^^vl) 

*• 

| *** *** 

j\jlj dll jj cilLi < ^-5w ^y_uix> ya La p^L *_a Jal a Y> Ladle 

3 C /ill I Jl 4 II 3 U ($$* '31 yo JS 1 o <3Jj .delyUI 

<J11U Jaaau J-£- — La I^J — 0~^) J^-i* J ^LflJI 

jlklll ^^-aS* ejd-i* .(JjUJI jLc 4,*u>«a 4lafll dd^J Ladle 
** %% ** 

Laj .yLuxrilSLlI ^^Ixull ye d^LxJLi 4 Ijjj y£-<u ( j^l 6 i^> p yj Jl 
■* 

yo d aa. * ^ La plj^L) IjLjlIuj'^I yb 4_i_tuLxflJ 1 ^vll 4 \j-lVi J 4-lxfll 

jl 4_i-=>-jll illdJI jlx^ll 4 vie, illxi La yfc Idd ) . 4_i ^itdLLuj^l ^jojllll 

diid ^jIju .R c-i^kJLi Idd Jl j4_u)1 J^-JuJl ( 3.9 <4-1LxJI 4^La JljirJ 

yLdJ dSljj (g\ 3 j^laoJI ye La Leu lfl.l"i^a llilo J,tt o\ till 

****** 

iiLoill yuy ^1 — lag iiil iSa i—i yilSjJJ ydd-*JI J| ,>Lall 

^ ** «* 

yL*_u jrLll yldd ^fcd ^ * j — djU. jl ^ Lv ,.. 3 ylbJLlll LlK (Jj^I yUa-fll (j° 

§1 LuLti (jjjjakl Ladle Od. 2 ?k.j ^ Idd y£J <yJjd-iJI 0^1 Lair* I ^l±uu 
** *» 

«« i> f* w 

4julae j^Jaxo ya dildJ ^ hill I 4 vfl v*£ ye i— SjJLu yl o^- XLJ s5 .4 Iri V^Laj 

. (N— Y) J1AI1 3 jll C ^j)l ml I Jl U ^yi iiil I y° S^^UcJI ,.\ aajucu 

e 

3 Lid) dxj pJ 4ll aj tdelj-flJJ j\ ill 6dA * t4.xl<v»JI odd> yj^>L> (3p5 

3-a -LxdJJj: .^/JLal^l 3^uLxlll ^ * t *y ll u.al ?u-uaj oLii-flj .^Jgyy s_^!y 

** ^ •* 

(Jlyn.1 die 4 1 a" -O si 1 1 j ^ u~ 4 C ^yLaxil Jl U ^yuill yp iJL5n^!l (J*^Lii 

udlj <yiA U (^JLuJsl 3 Lo (jl ^9^ SJLaJI 4 aX& 

.LluL)l 5 Ladle JoJLfl t 4 j.a 1"*> j^e yLll 

r CJl 1 *^ 1 ** 1 *^ 3 I ^ ^ w*> ,m\ yill 4K% II ^d> odd ijM 

’ «i* *» ’ 

y L<u^ 9 4a|| a 4ayn 4 L^ 1 4 jIjJL)I y L j ^d^dl <4jhAuLdLjl 

jj^l jdiuJ Culii t4_uidl Ji^l (3 j^I 4-*yill 4ajajdl jliil djj^-a Cill^ 
ya jpdfll) ^.IVvj 43ld 3 (Jlj) 1 al^=k.y Idd 3 I ‘4jbldJ 

!<LuuLuil <4^11 ojllleL) y 


VA 



fUl 3U \\ 


3 J n t4jl J.ill 33 .4_i^^ll 6 jjfc £j£. ^Lk 3!^! Jlj J l^Jj) ^Sll ^j^CJ 

** ** 

fr fr C* f 

^_jl4^3 ijp* 2 * 4-£LiJ»3 4-»l ^ 6Jj^-o jlj£-l 6di5> 

<juuali>. dllo3 <3*^ I £_a I 3 (3 .O^tol^l 1-ft J *. a ^juucu ^3 <1 ( j nnj liLa 

1 -^.lx a. A 1 3^ Jfl .t 4_l*bL3» ^Vq J^wOj ^Li-O ^ j3l 3I Jjj I I jJj <4 3 . r h- j > 4.. v ,.ti i J l Ia 
^jC. '‘Sl \ 1 0 «il> J ajLlu < (JifUkl 1 J.A Jl5-j ^Ja-A ( 3^>5 .^ui-p^l 633x^23 

P ^ p f> 

<Dirac eJI 3-^ j ^1^51 ^mj\ cr^* 0*1^' <^JI 

^jjLi | A) la*CI Lq JjJLfl — a l lajJI ilU> c-LuS^J JljaA.1 4 JoLujlU ^£>3 

♦* M 

liLuaj ^ruiu^iLlI Lo /j j)*N l 3 — A 4xq£J 1 4Jl^J1 (3 ^llaill 3 . 

SJU^I i«£JI 4,<C,-,K'1I 5JLJI o3S3 ^1 v_J^II j, .ixaUI SJUU 

M « f M MM M % I * w 

(jl Ci^lUJ p ^ ^^IJI tip Sjj-uaJL aUcuII 

4j omS ilL^J 4 jluj3JLi 4_dl3_il 4 jLa vlaJLi elij jujljl^u 


|(//> = w|A) + z|B) 


fv$\ to£ L$3l3 sz» 3 jU*JI ^L^.aL> 6 j tin \ ^ ^k\ 11 3 

JJLC (3 4JUJI tli ^a^JI t^Jul^JuO 3 6Ji^L5 d)tli ^3 .Ifl liii i \ 
*i jjjlII eU3 ^1 j Lo) ££-*-0 

^jJl JaJLfl 6 JjA> ^jl SjLuti (^jQ ^ 11 (^jLujj 

J[ ilUJI 4^1* JjHf Lo^lcj t^Uo ^ 

«» ^ 

Iji .jjxu-itfl-ll £-±ijp* uxuj v^>l ma. . ij^-LUH ^3 (j-o 3 < Lola^^ 1 

jAxxLfll jl^jl 3 Lb£ul J-oll ^jl ij. <a5v II ^j)*t,uill XxC. ^Ji^lxu ll^ 

^ pr «» 

4_1_Ljuj ^ 4_aj .L^juluLLo ejLtu^ <1 ^ '‘'fit 4^jll 6 Jub i— i <m lJ 

(Ji-ii jiall) ^Lo^j ^1 Jj13LluIj <Sj^ ^Jaai* Jx. <C\ 1 

J^Lxjj *^1 till j^ 3 JL j *• lij *(^ m fl II N * — ^ 
£-o ilc J ^ H llxlc. (jr^ *" 4 j . 4 j5*jJJ jlj£^l I^.i„a\ 

4 JUJ 1 a aa 3 ^ q ur> j 3 ^tiil 3 jljiil ^ / i jji.\ 11 6J-& 

^1 J L>* Jlt 3 .4JUJ1 diL*> JaLsuJI LxAjl l M Ic . 3 (4_aaLlLq^1 4 \ HI vll JJuU^J 

63 ^ ^ti^Lxu JLc t4-iAllXo , ±ll jlwAC^I dl J ^3 iLs-o 4 ^ 3 !! jljC.^1) JlS ^ -ju T U 





N 



Jlo3 Jli\ P 4. Wo. \11 Wlflu.l qj~\ > . JjLqj^ 

«* 

Jl S LT*^^ 11 ^ iaJt ^kiu jjuc. u — z/w 

%» 

<0 Sjill <> ,0P' aL^II ±4j • 5 J^ JI (> P ' 

‘ 9 Jj jjj* a t j.t^w. ( ^ IjJ ilUJ TV - tt 6 1 . tl J I 

•SjjJ 


^ Wiiill jjLskijI ^ W^t <txA (_£*UI JaULtu^ll 

«* ^ ** 

$j£JI S^jIj Sjill *Wflj ^ill <SjSJI j-*j jLLI 

^5.^1 g-U-iJuJI J-c 4 Wa\ JaLLtuJ ^ j W~ no Llil juualjJI <j-° .(£-V J^-uj) 

<►* 

J L^k5 ^ O^J ^ jLU 

JaLfl.ii i^l I Ijjfc (^ 3f 1 ® s ^- aJ (jLojj I ^ Ja flll t(j5LxuJI 

fi. ** * * m 

■ jjl^jl ^ t- ... jj iil^jUl JjUaj <3 4 jl#I^JI 4 l-iBVll £a 

l ^ i ^1 UHUI o^UJ! oii d^i^i d UU ^ io^ii 6^ 'j' 

%* 

6J-A Jjx. Sj^^-o — 6j£ 1 $ fi-cu cIajLa jLlsI fj£. gSii <jl 

^jl W jv\A. A. j .Lilati L$ji L^UJJ 4\jjua o^lLa. liillA — 4i^.jli 
LjjjJ Ijl IJJjuaJI Ij^p JLOj LcLifl <3 AjIx- (jt 

P P 

6^1 J^° ‘*jj j fO' 11 ? * 

ijJsl^JI (3^ . ^ ^ J Cj^lLaJ 4itLLil CjI jl.^j^il j^jja IjjuXiA ( j) 0 v I s 
LaAlja^l (jlliLa. SjjdJI >— fl Cilj CjLaj i ii. ^kll ^jl 

4-aJLo (Liixll illaJl) 4^ill 4^juo 


A* 



jUJI 


CA^L^d .(jLi-uJI ilLJI) JiuuSl jtvjIu ^jJ| 

«* 

:<LuSl! 4J jlxIL 
** 


= w cjj 


+ z 



J>=^ ubj J L^ic u £> JX ^jIjjJI c/^LaJ 4iJlaJJ 

£A^>kl ^j-iJOAJI 4 v . / , r , u JLa.lj Ij. A t-ijJU 3I lij jl I jij < j-^T 

Jx. U JJ-xJi ^ «<V^ .U = z/w Jjfc ^>iwT JJlC J-^-^ Zj w 

«* 

jj )*v ^ fcLa^jl 3^ J“^ 3 "° J JaJI dLlj 6 L=*jI ^ju^j j <(jL<a -» j 6^^ 

Sj^a^ < ruinl K-xj K^ir > 3 4a£jll jljr.Sl! ^1 (Jjj dLJjJj ‘(jljjdJI 


L^jI jl O-ui tLx^o ^UaiLjiu Lcufcj 1 4_> I Jl) I 3 ^ . Va s t 1 ^ . 1 1 o \ d JL, 

(J^J — 4.JJ Jjix^jJI (J Lo Ixjj l u t na lllxa.1 — Ij J-a. * ^JLXX clitLoj 

.Jjaj y^a. La^xxl^ ^. j -ai -a . 4JLa. 3 

^ <d j^j, t>l lL^ 111 Ijj Jl c,^» oUxxu^l JjJ^U I la^j 

Sj'Jx .Ji-*4J^! <^lll ijljj^JI jl Jx^ <La3il 4-uala. 4-aujJa J-2 v^j 

JNUj'jl ^llo Jii) l( 3jJk _£X jJ.T JJXJJ (j\ jLUl J JjJJ .J <JJj Jx 

-3J u A>1 ^ ^ ^ ‘cA^ 1 J ^L&l ^ 6^' j>> 

«% « 

Loifl) Lfl fl \ Uljj ^>jJJI QuJLaJL 3LG3 <LuaLa. 4jujla Jjajj ^ 4 -jI Ijjfc 3^ 

. jLuaXo C^LaujI (j Lj^Sd 3 I Jj ^! ^Gji~va> II (jijjjJI ^1 lj£. 

J^Iaj (5>^l ^jl jjJ 4JLa. 4jl 0£.l^iJ l£iJa ^ 

I JX CA^fJ (Lo^_i LjIoj QoJJl ^GJLaJI ^o l^Lcu Sj^aJI 3 


.^lUil JUII (J'bLa. ^yA ^ jLut <Lx^o J1 ‘ 1 LqXj 


l^li dJj £*j tSjJjaJLlj iiiAll olx^^il ^ fSJI l^l^o 3I 
<j ^.fl li. Lg-iLi ^yja jLx Li^xjI 

Ijx 3^9 ^-^^5 dt-Uj^U J^JUO ^^JLp^Q (4 jljLl1a 6JjJ£ ,_> \ II / n 1 > J 

.X jliJI^ Z jliJI lAC-^ 6-0 IjLiJI 3I J^jl 3I Jjjl JJj-aJI 


pL^,I 3c tdLiJj^LI S jrdLll jUJ^I ^ Z jUJ^Ia 

Lj-I JjXj Sjxa. Aajj <j| ^jjlaj ^JLxJI 3 JjdJL 



(iy* fJLfcllj (JaaJI 


* ^ 

CjI yoljJl^ *4jfcja jXo 4jdC- 


^ [ vT-3 ^-A J-3LJ d)^ * * ^-1 LaJ^J - d J^> aIA JaU 11 l ^v A ^1 

I JL 2 V d 1 vlo.l l (J^*\ mil yXAj LiJjljJ ( J^ ‘j*Li J *^ dlk\ Cjljrutlll 6Jjfe > 

^Jii-o jjfcl^Ja jLiJ^I &JlA ^j^a-LOAJ^ .aSJI 1£L^L£jla 4 - k t /r \ ~k > 

^ (. ^ 

l Q^ J1I ^~l l <j> jQ 1S\ I I L " ' 1 i 11 1 vQ-1 1^ lfl,.\ ^1.0 l^JI O^il Jii\ A \ 4*A. '^ .. I I — 4j=k^l 1 

^ jJI <j! jj jJlj J iU jjo 1 \c 
%% 

JjlAJL J^i\ a jj5s j . < J_i_La ixj Luba I L^juc. oj^I u_3^tu 4 j^ , ^ ^o^UI 

«* 

/jj^-ftAQ v ( _yjLill dy L Ij j£. (jl vdlLu S&] SjrjAil j^bljiaJI dy k ^ A -^ 

4 % v vLJl Jya Ip^^* Jd^tdlLi Lbjl uc.la 1 t x-fll j CjLaJLla 

^aJI X jUJ^L 4aJ| jL*J^!l dy cilLlA tcilj iiLub^lLj 

%% 

CjI J^y jLi-l^l 6 JjSj Jjlj t jr^-fljJI 3 ^^Loj^! 1 5 , vl^ j j LiJI 

•* " 

^ p p p 

ufl 1 1 I .Va dy& p^Jj ^1 ^1 1 ^ -x ju^> ^1 4a^JojJI ^ J * I 

M •* * 

^joLiJJ^I I X ^Lxajj . aLaIa^I dy J£-^ jwii (Jl gl v"v i Lgal ^Ixaj 

d 5 i a -w. dy LlL> J-2fc- jlc. — ^_J-ixt La ii I wuqLj dy ' A> (jxilxfiJI 4 K m fli 

•* 

^gjp.xn.1 1 <^1 ^a^JI ^ Mill Jj-a JlILu Lo jd c R U dy jy-^ dc-I^EJI jjl 
«* 

i^jjjLujSn dy R *l>^)ll gjjf IjU ^Jij ^Ki x ui Ja 

p p 

JjAfl! v 1 .\a^ _.q j q Li^ Ijl tJLi^- \j a> a ^1 4j_uj-Sj 4o1aC 6jl riC-U 

jLi-ll (3 cjLtdiSLljJI /v< lj) ^ d v ^ 11 ^ U\H j,5 xll^g (JjLgJ! cl^ixuJI 

. ^aj j j)j^ 4_LAa ^lll ^j4> X ca-uj <L*-o ^jl l*-) 3 Lajfcj y*^ 

«* 

j ^ *v t jjr"‘ ^ 4_i^^5 4 jj-2«Jj J^^_a L^jI — 4-j^>- ^ -. J I 6.AA 

M 

d j 1 1 q \ , ** i q ^J 1 (j cj^IIj SLuaJI 5JLa (j 4 US II — 2LiUS)ll jJLj j 
6CA (_j£- ^>d^l cl>J^jl * <6Jdk (Jaa 4-t^S li^Liol CaIJuj <£-31^11 ^3^ 

.Saj Loa-fl 4J1 mil 

% <1% 

lt^ o* Oyy 6^ ^ ^ t> 3 3 j^^ s? 

^jl j^JI i(jy»\ by j .Jjuoil 4a^l=ij J-c LaaIc X dy 3^-*-^ 

jLk\ V tdJj ^ja ^jAjQ vll jLCj .X jUJ^II (3 ^ajk_ilJI ^ydlj (5ljJI 13 a 

jl ic3i!Li-A j^J^Ia (3-q ^Jl 4 jj-Lxj 3 (( 4a^jua IjJ I » CjLusxfllalJI (Jl_ djjjy& 

. 4 0 !"> -% a ^\JgL1a dy Js5^l i jL' 


AT 



fill sbjji jUJ! 


jS^II o^ij.1 Jl Jusl yl Z jUJSlI ^ iLi Jil ^jcj .Jsll, 

•% 

4jJldJI Z jLaJI ^Jkl d -0 (^A^l ( jxuflljl t^jlj Lxiflj) . X jLiJdJ 6 j j-L-L 

P £ p 

LaSk jjl <4juo^J) 4 \ * i^ijydJl 4 JLujlqj d \3 * ^ d \ \6\ . v~d ; ^_Us\ | \ 

IjJ jjL (S^ ^quantum entanglement djLiTi.lL i $~*\ ^ Jl 

** %+ 

p ^ p 

<4_JLoJj ^L iujjl d^ *^L-ol O^L>. Jl 5^ .4jl^yUl £JL 

4 w < m ~~ EPR ^jij 'v j |\ . < u L 6jj^ oi^x) ^ (Rosen ^uaijjj Podolsky 

Jxn-UI <J>=LUI f as Jij — iSdiJl pLoIxJI pL^SI J^l Jl 

6 JXojjj .David Bohm ^a^j jjilj ^ oil J j^j! Jj^Cj 

^ J ui 1 1 1 Jifc ^uiijjj ( l^j 0 i<^i Lxu 4 jl> jj I 435 i^^» ^ x jjx ^ Ji j a>j J 4j ^aj 1 1 

ojJ&l *5^9 j . ft ./Vi I t a J^J ^ fl.'.'^ Jl 

<jfjUI -v 1 1 LI Jjj tdJ J Jju .^y jLdj^o aj I J Aj 1 5 1 L ‘i > 


•Bj A dLkllll LojJ> ^£. Lx^Aju dy J-y»-> ^\3k>5j Jl lilLjl 
dLxA d} LJ John Bell Jj dj > - ?d 4 _*JL 4 j^J 3 j j^jy^ 

gLLil S^dLiiil cj^Lita^L 4-usLkJ! ^5J! KV 1 I 5 C ( ^ oLtiJi d^ LdjLxj 
4 j3cI La^ a ^jcilj 2'j^aj ^ J B J A d^"h)S\ll jlc CjLuLlcJI 
ikilJl Jjp UJ^ ^ LT*^^ LT^b 

p ** 

dJ-i^fiLua Lj£a db ‘B 4_U> a ft II Jj.c ^yd J^a.j) ddJ* Jjy H d j?*^ ‘A 
I j-4> ( ^3 JyU ^1 d-° JLoljI Lo^. iv> ft jd»-Sll d^- 1 

6jl^y».l d^^ J-Si ^oLiJU 4^ jr^ftiill LajA^I 1 d* Li J| ( _y»lj : La'ill 

JbSj tj^JI jLxjj O^Lojja>.^ll dij ftBj A d *" La ‘ft I I \'\£L 

^ p 

4-<i£-o 4,-t.j t ft II _y*j lyljJI (j -j-JLj j*v » ,Jx. Ijx Jj ^ .A j\ 

Alain Aspect 4^1 U1 j*H yll Jl# <SJLjJI <_>jlyll CjpLv^ ft I J_>- 

J^uJI 1 ^^ju£J^j 4^^-^.jJI 6Jii^ .^5^.11 KhK ft I JajjJI 1 JJi J^d^J ft^^yUjL J 
oUL^jl J 4 axj_lII oL^j^-dl ■ _ *1 L 5**ft / m^II o^U-j j L*t*d ^ ^ — V ^ 


^jJ JUXO d -0 A. \1 iA ft r\ 


L^ojLj j3ft 3j4 i > yjLLilxul CjUUdl (^1 d^ jlj^ -vA.3^ 

♦Bj A Ja p LA^ Li^ 1 1 Jl ^jo^J.1 d^- Ijjjlj JaL^JL cjL^j ^ ^ 1 1 d I L\ < 


AT 





E uj -/^ 1 
p< 


ixiJjll iiLJi 




— obj-^l 
0) 


— >0 


* — fi-uCU 



LflUu^o 


obj J Cg *”»*? » Jl (M'”? * p ,M °b 0) : ° * 

<j"bij .P ui^bJ^b E *Sjjj u-Lu=j U^Ia J£ 

p 

ubj J ^J^a. On* 'll Ijji CS^JJ Cg obj J 

«* 

^ayv" 4 _xa_ujI EPR (»— >) • .j^PsIl p , j ~* ,u ~ ? ^ ^ 

jbi ^1 w~j *^b 4JL> (3 j^ v^ il <j-a oLjJi^iJI gljjl 

«* 

jjilajj <* *1 l-Nfl" .f.itl ^jjuLuftJ (jji^i 6 J-t^-Tu ^£jJI 6l-^-i**ll (jP 

^ p p 

Jx l^&> Ijia-L* Cilj . Jl c^' — Objj^ill 

.^jjULII iLaJll (j£- bj\-±=±i — jLAil ^jjj^iJI Jl SJLujj 


O^LL 4^ jrLull O^lLxa^l (jl ^jLbjp oLaLJLlI 6 jx Oj-^-Lb 

/ 1%.^ l i 1^ (a i ~ < I j i V* ^0 j J^jl_U A L ^‘ vg - 6 Jj) i^^ll I (_jUaAj-tul 

p 

dl^-ulj I <<LuiAj Jj U^T~ pfl iQ Lo-» <pLaixJI <_jJc.l 6 Jifl" * > (jL L 
. *^.^|| LoXhX^I (j^LflLLAUUO ^jLd_uU3b (^^O^J^aJI (jb 1 1 (^^l^-fi^l 

%fc 

S Y ' 4iLoi cdjLiiaJI ol ^/olj O^ 4.tijui I Cj J^l 

«fc 

cJj^JlII ^ a*C II ^Lfl_auJLl 4 jLLlLq c_J .jUwJ (j^ll 4 j| J (J^A J-S 3 ‘b^-® 

«t 

o Li Lai i^LLo oljrjib l^ii cryptography JI^jIojJSJI ^L 

.pi jLoj I PC 6JP £-L3 


A 1 



jlJUl 


£-53 oljryilJ! 6dA J Cjljo^l 6 I j£jl ^1 Lr *-llj 

** 

.jJLujL i_y^*a ' a ^ J-t 0^* L$j£J <Bj a ^iLaiill ^'Us-.i i 

l>l — dLLilS jl — olj^SlI J.udn Ji}\ 

%* 

SjLiiJ c.lx.1 (j dj Liill I ^jullxuj Lo 4i> jU> dLLiuj L^d jl tiSjJI ^JL> 
oU 'illj <4 ",„-,| | £* p£J| Kailixo lia. fufra Ijjij ‘B Jl A ^ 

^^T"“ 1 4x. j%uj JjLuj d xX-J a^ JI cj-) 1 nnll *1 '^" ...I J a" ^ 1 1 \ a 

<3 ^ <4jI^aJI ^Jk U-j^aj . 1 1 dd <7n,ll j\jlxj jj .& j.Al l 

«* 

^ p ^ P 

^ 4 1 jJ-C 4 1 i /«ifl in ^L ma .1 <2ji_i La ^ -i 

pLjaiJI j LgJ ^ .Lis ^1 iuaU. S^lii L^l 

.4j£La «<«Nl5C 1 1 
«• ^ 

Jliil IjAj ij>^| oLuUJL jLua Z jliJ^U ^15 Jlla J^l dLJIj 

IdLaJaij jljjflJ (lh° J^J JjliSJI jljiL.1 4jjadi Sjja>- 5 jj . taj 4a>- jviu 

^1$ d"° dj. ^ . aiu d iL o ^^al^./Tdl d_^.l ^1 a \ I 

*» 

<i ^ Oui l«J 4^5 JS, -JaliiUI ,> 5^ 4*^ i_SjL^ 

LuJjiAA Ij^l^ Luj^ Ujj^U 6 <-3*- t^JbXu L il ^ I I Jjli L^JbOdlc 

J-*$f u 1 <J ^ J 4 Infil l iadLo d > jla jlc 6 J^a^-o 6 j\x ir\ Slj-c JLc 

•1^3“* <-Uj ^-03 .Lflj iC I jr\.^..flj <iilflJI ^ 0*^7 4-Vj ^t J Ti Q I I 

•» 

.JjliilJ ilalill AAj^aaJ.1 ^ j^l Li3 ,J ^1 JjliiJI (> ^>1 5^uS 4^ai 

^jajl^JI jj! (3 cU-- L . l l t _^a£j ^ -4 xaLL 5^) j) i i J^jlaJII 4-Ualj Jjlj Q IjJ 

if * 

1 — ‘ L? ^ < <o j J I pLjj! ci5 (j^Lj ^1 6lj-ll 4j jLu ^U! ^ *o^ll 

4lLsL <. LiA . fi UJ^J^ (Jal C a n Lq JjX. j 

.(! l-T J££) iLliJI ^ ^ <>J ta *uKil d^ ^ 51^1 6 U 

J^Aill <liaLj <LlflJI iiadio J-C sT^ll dl ^ 4-A^uLu^l 4-kill Ij 

d.3^* 4 d -0 <41 jIj <j jLc. Sl^a ^)^}| d°-*l 

iilo JjLfc-fl — iK ni t I llA dJU j .^adlll 4 aJT d- 0 Jaaa 

L>^ <i j)AiA j r> <xliL» <lli JLC, jjaaJI 6 1A lloLI d 

^ pIajaUI dj . J^ill <HaL Jjlli Jlc <JLoLui 1I JjlliJI 





j l t~*W I A \ 4_Li jisJlj idU j pl^aJ l$J^L». (j-o j-ilaJ-LuJ <ix-ujj 4-lal Hi . }} 

.4 a vLxju Cu l£ lj| t4 K\ Q II flu <j-oj Jaa^ lT^ 

<> Ja jLlU f£i\ ill 'ft ^UlUul J*j 

Q-vl l d a /..N1 q i t d Ac. Jikj Lo J-TvAj L^-il .Cj,.\-^\ ^vJ 4j5L! P(^I> 6d^j (jl 
£ja <LlLx£L>. olyolj jL=h £oaa ^Jl (jl jialU O-SALlIj .SjLucJJ 

.SjLiixa (jaLfiL*. 

^"A — Y ) JSLuJI (jua 0 ^">- <4 K m il Ja*. (j ^AJ 1 ^t- 1.^^1 ^j^cj 

. \AAY ^.Ic j)Lo,i-Lfl^ jljaaJ| 4uOtA5 (^j-ll J^-1J 4-Aixoj!l 4 A mil l (t—j) f <nfl I I 

( _ > i3jju3 A! <lja^w 4 Av*La Sl>* L$aj JjAill 4 JI 2 L 4 L ifl LaadJ (jl (jiajLfll 

«vn 

1 ^ Um Jx (j^a ji (Jii^xu LoJaX jr^ia da*^a Alj oljljxfcl (j$*i 

d \ 1^ a I I <__« AdJS ^JsljJI (3 I \ |QJ|I ^- tl lfl l l (^ — ^ ) cJ^ " fM l l t3j 

t a^vj (J-fljj ( d * Lt^J &lj-csa ^ J In < /~\\ (jjja^fl i t. ' * * <4 jIjjJI (3 

dilj (jl I V ^Cq’lI J. \I 1 A _1 .^SbAll V_LjU2uJI (J I l 5 .. X I (3jl c- i^flLaJI p J ) -uQ- l I 

p 

Jj^jlo I 4 J AlA. (j-Q Cjj-* Sl^lla Cj-s J ]rvx^i I jJaJI O LjJj^-iJ I * — & (jl ^a X J 

*+ ** 

^J~...ll j J^LWI i.u-1 L (JuaJ IdA oM C-°J ->=^' '-iuaiJ' 

6 J J£ oM ‘^> 4 oUiS^iiJ ^Jt 

IjjjjiJJ (^JjdjJt (jjjLuit 'iLSJ Jj-a^ 2-*^$ jJ-uall (>a 

L^xuLiS 4 j^ I j ^ "" I JjLq ^-^3 cl 4lijjaJI STj-o ♦(j n< ^ ■* ^ lj J^l 

(jjj^juxLI (j^^fi-ll ^Lx-ai f'j-^' Lol • jl-^l <jj<5^-ll ^^ -UJ cl 

t(_|xil£LlLj d .A.Afl/s (_^^>.| 6lj-aj ^J-Liju£u 4a Li t du Jz i Jafl I I > „ 4 Sl^ll (j-a 
6j*J ± I slj-o ULo (jlx.L>. in lt J-^a ^ <4 j^.j J 45 4ajlja Liiaal ic^o^a 
jj *( v ) ^oill (1-Y) JiAJI j <ult jL2^ ^ / d .X t ^Qrt t — i 

^j lo t **K. /\ \ A (j* \ q ill 


t J J-Uail Lh® J^-Lkil oLjjj^aJI OJaj (jl (j^QJ Lo (jjll jaJ 

Jj^ll Si > 1 L» (j^a^iJI ^jJajuoj LoJa£. « J j)H a ll 4JJ0U 4 l\\fll l (j^^-» LoJa£. 

Jx ^ tWt t LaaIiJ^| / » 1 1 ^ 4 La (joJIa^ Jl 4aJLa. jv<nfl v> t4 1^1 l Afl ll * 


iilaU ilalUl Jl Lllj 4 ^ 1 jj d .A iAo II i i < sT^it jUi 


A"\ 






(v) 

jLli.'il 0) :VY 

4jjul_uiiJI JjLs <Ua 15JI ~> 0~i J '"a 

<Jd3fl Jj)Aflll 4_liaL Cx <u tl 4 Lxlfl II 3)1 Jlc. t 

4ji^Aji3xo 4-A tl jjj ditto ^ JLfc ^)^JJfcJI 3 4.K> /nil - 1 J ^ 

j^LaJl CjIpIj^I ^-a-a3^>J (<_j) .dLi (J=k^o JjllflJl JdC 

4. wn\l L^ * J j) * Q U 4jial_j ^JdlAS (Jli (3 f Lft tl /«■ d 1 1 \ a ^ Jx 

1 a J .^^jjLjlA Sljl£ (j\ .odJI 4 jJaauJI Si ji\ (J-oxj 4^\ tl m d 1 t\o 1 

s? olj^SjiJl s^\ 3)1 ^USJl 3^ 

^ Lo jAjj *3)>3A3-^1 JLxSjujjI B 4_Us\1 1 \\c. l o LVCaII 13a 

. Jj)dtflll 4_LU1 1 dltVa I 

AV 





jjtl) .ibiiJi sT^ii bLaji j * 1 11 j-c 

( V a *«l l d > J -v ~ (J LoLaj Oi^j Lo jA JjOaJI j) jij-l-ll ^jlxui c-J^ljUl IjA 
^jc 4 -i-ojlxul Sjjoax) LtAjl ^ajlj Lc£ . ( V-T ) JSJ 2 JI j <^-uojI! ^-iJ^JoJI 


jjJo ^1 <j^li (.ULo oUljjiiJI JAAJ LoOle OOaJ ^^lll S^aUcJI 

Lukjl a .A .Aoll < 4<rfVi 4 -uLjJI jl 4 juq , < 2 > fli t ^- 9 < /Vt jj!>!l ^Ijll jj* ^jLlqII 

m im & 


lajCL iu^L lI jl Loole (j^j^iJI 5JL*. J^>xi .LoLaj <jL»jLuilo 
****** «» 

jl J 1 <jj3$All 1 <jl ^jLxlII Ca^ ijjllll l iiA c. 

(j_»jLmll <jl £>djj A*C JI (~j£ljr\JI (3 (jljLull j)ljAjJ <(jveLai^-LI Odvl 

Jysj .A Aitl ^-1^1 (jl c_flLuaj LqAJjxI Lo^lLfl <B Ole ^^11 I ^ AJ-v l ,^-iJj 
.B ciLa^II ^u-dj A i_flL u . £ ll 1*> i»i nl S >jLud oJLIa <j^Li <jl 


(Y-Y) J< a. I t j gjbA^ll interference JiJoill gl^ol LoUj Ioa 4 ^£uj 
5JLJI <jSl <LoIqj iilKJI l^ai ^OJUJ <^111 gj^ljll- C >A*J J&.JJ ^j, 

M ** 

2\>\t ^ ole dJaJj - 4U5\H alt ale ^iSlt UaoJ ^^JlL 2LoUI 


.B M *<11 ^xuJj tUjIa A uilfiiil JLA1» * iUaL 
j.e 4 jjIj Sljll jlaj j>J ill la, a t 4 Ajili.it 4 l.ilfl <jS!l LuoJ (jl (j^jLfll 
j^o J .^ulull Sljl jl 4 Infill Jj^l LfcjljaAl 4 jjl^-fil <j 1 Op - il^LaOLa 
Ioa jjjo^ <j£au — l\jl\ ale (jjl^iJI jjx> ^ O 11 ^ d[* 


.J^jusjJI <j-a (j^alj fJ jl S jll jl JaAJL aS <3 

SUt 0I5 4 lAiAfllt I. .ftjunl jj*-il stj.1 JA LiAjI ^j^jrLfll 


d 5 U \ ^~s 1 jjj jxiJL (j^I j^q I I (jl ulai^ 4 111 ell 4 -ooS-a je 6 

(^>=*“1 JjUvlj SOdOA. 4_Llfl jl 4 -V VlA fjL^id^l OOaj dill Oaj 


^| — j <✓% > j) jj^UI jjl 4 li\ fl II Oi ji La s^>il 6 oe OO^J 

tm 

jLuil oUl j) jj ^oJI j)l ^LeJI JOra-i jlllLj — LujLuI 4lyie. ll 
l\ji\ jl (jjJijiJI j^cu Lojle ^(jSlIj (.^ji-uaJI (JajIaLII Ioa) 

( J a >-v 1 1 1 L \ lj 4 Lji^y) I I ^ 1 1^~~ 9 * *j) 4 j 1-fi < 4 1 /^ i /^ fl i I *i— ^ A rf**i it 4 jj HI I 

4-1a15 £A jaljuJI 4JU» j ^j^j^eJI <l a^A j .B u3l <n^ ll )r\ ai n j)l 
djjox ai jj jl j^lil (jl j| j'uiu Lo <B c^LolSJJ 6JOxj <lllpwl <4 ^iLu 


AA 





LaJjX 43l (J I 4-kAiJI Jlx^j .^Sll jLuiil lk3l 4jL 4 -ujLlB dL\a1 1 

P-LaJ^II £-Q I t^jgjl > fl 1 1 Sljlfx ^J-QJLJ L^jLfl id a » I /.. d 1 i \ 0 1 1 


<B 4-l n .fl ti l JUC ^jj^flJl £jC. ciASJI (j^J iJjW] 

^aJ ijj ./^ji-u^JI (jJjLi-flJI 4JL>. (j (g\ t4j Ll fl. l l £A ^jjj^flJl (Jr-Lalj ^J ^jl 

,-».a^i< 1 jl^ ! jLuiil JL iv^u ^jl vAj 'il 4jL i I jg xa IjLuaxs ^^j^iiJl J-a-j, * 

^ Cy * 3 u" S I j cu 4 li\ qJ 1 1 ^xlxj 1 <jx B d U s \ 1 1 

£-& J-oLsuaJI *UX — B J Lu<J. 1 ^Lfl tdLJj JLfc 6 j s JLc .4-ojJLo 41 >\5 I t 

.4 In fl I I fl dJ ^5 ^jjjij^flJl J 3 *^ 3 ^jSLaja — UL-^J d-A t Ln d 1 1 \ a 

iJ^i l4it ^Jju .a^xL* 4L12JI Ijl JLfli IIa 6 ^J J c ^ 3 

.j^Sll jLaJLl JaaJL jI j! ^jl cii-tuL5 L^ 4 a J 

* 

^tfl ^,Lc ^fl_fl <(_£jlx j-ix ^ol 4 j 1 jjl ^-lLxx-uu t la -v- 

p f p p 

Ja-aJL uj*.\ 4jl SjLjj Zeilinger J? '-i-i -~ 

«% 

j^j^l 4,x \l tJjllflJl $j4> /jaj aj /da > a ^ 11 a - d.l.i\5 1 1 jLu^j 

Kwlat 4ftLoj ^ 4^1 J JU jS^ lL^ 

Jaiiil Ja. Jl Kasevich ^Lliajl^j Weinfurter jy^jj 

J-£ (£^ 03^ 4-xaflj a^j.^.1 1 Ja^&j pIj^. 1 LdjLfl 4 W ^ 

.JjJLajJI 4_»JL ol j^ir> , a > lj^a.1 Ijlxi t a ^ ^ (jJ 

H 

(JdLuaUxj j^-i-ua jdS (S3^h (jC. gtldj ^xJ t4aJjLflJl 4-La.ljJI 

4 .L 15 Jx jj IxJl ^ojLloI tjjLtixaJl ^ 


** , * *• | 

• 4j JAtaA 4 AJJ. tll 

dji^ixUJi ^aaj ajui aji^i £* c^\ 

\iy* J ^jUixt jj .I4J a^uji z jiiftij ^1 i<jM< : t d : MWv... Mi 

6 J^_i ^ dJ (_>ullll ^jAju ^1 (J J*i/m iKAlt ^j-a 

.cjIj-uo Jx. (3 j t^-idL ^A^ axl^ (^Jjo (j (j 

J I4JI0 <Z ^ jUJS!l ol& Jlc L^JLoltil j JjuLIL icjL 

«n 

JjiiJ ^jI ^3 U>Jaj {jjj£s u <4^fljfl^ 11 jX>l^laJl Jlo (JJj 

lliai djj J ULlJ Cy>3 .l1jI X ^ jUUSlI 








dki Usi j 3 ij^t ajLJi ^ :V-r js_i 

ij jkl oj^d" '— ii '"\' -Sf>lt J^° dxdd$ (j<i ^ » *><i 

iLk IS ^ SJaAJI Jx jUI JiLkl 

«* ' 

.o 3II j SliaJI Ov 0 i^lj2 i3 uL=k.^j (u) 


d U 4 ^ <n\ <j[ : 4 _L^S CMwl^-il ^jSlI Jidjl c_fljou 

ij^Sn <^oJi ^ cw«mI (v-y) jsjlji j Sjjiiii 

*» 

* 

1 \ i . tl / d »^ > -V il l S . V A ( 3 ^.$ 1 * < 1 * 11 IjA (3 1 -^A 4 A /t)t-La > J 1 ^ - V\ . 1 L ^ y^ ~ * 

^ c- 55 

d v aCI I 4JUJI d ^ .AflA * a < ^ \ old^d^i-U jJjusjq S j^o 

^uljii't LaAld^>| <(j^AA,l*if^.o C^J^-1 Ji f* jJa i ^a l I 

jlniA J JjJJ^iJl ^ .LgJ^L^ din ^U 1 J- 0 

. 4 Kail Jlij (jjj^Uux <j^o jliil J^LLLj Jjjjji (5 1 Jj-^3 J > *»j jlil cx>*3^ 

LlA JUn^l Cx 1^. t^LLl! iildJiJ lil^UI 4 Ja_fld 4 US II (jl d & J J U dij 

M> 

Lodic. ^LUIj ^jj^il 4 _LLflJI jxLaia.'^l pJlc JJ ^oill <iil l (3^ 
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P '* ■* ‘lillj (Jx ij’^lc. .4 -njViI I ilLaJI (VuLii /ya 111* a 


(J Jjilj <JxiJL IjjjJ (^jJI (kXmaJI LpAk $ t.ta.j -1JI i)UJ| 

^ «* 

lia. JJjJj 5JUJI 60a La Jc. iiljill 



<>o fJLaJlj JiAJt 
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U-Y JLS, 



^ujlj d a lvCI I <Lfl ^ibua^ » Ji a > x ll 4_Aa-flJI ilLaJI Ai^a-L 

^1) FAPP Llx>) I Q~\\ a »n (J i^ U juJI ^j 5> dJjj tCiijli u . A -t O jJI Lc^j 
*% 

.(iii^i JSJ 

(3 1 6 j. 4 ^ i qq Ija 4_fl 1 ~V\ 1 1 4-fl j) Q wn n ajaiuu 'll jU*!l (3 

** »• * 

<(N£-Y) J< A»U 3 LI dJjLa-a « — /in L^jl 

p <* 

<jl Lo £>o 4, ^> in o c\ cLUuj ^JL^ It ( ~ '.y^ 

«llfc» 3JUJI <jxflJI Jx «dllA)> 1 \ 1 j -aj 4_J| JuXjjj Laj <(Lifc» 4 oJ! 

Lajj ^sJI) ((dJLx&» 5JUJI j^S*3 ^-yy° Ld <3 ^ 1 v ***L° 

«* 

dlldJ .ikUt ^IlJI 1 ^ Lft^Lt 4 \liJ 1 5JU. iijjJI 3 

** 

d Ua 3| iiLua^L 4jjjco 4XU 3 llid g yy»^ 1 

,_ t t v .>-s i d jj a > Loj d L K 1 1 dLLiiill 4 _IL^. 4^ul 4 xouJLj 4 j- U 3 Ali a 

fjC. <Lil£ CjLo jlxa Jx Jja-v^JI IfllUa ^ . jUI uaj ^ Lul FAPP Ixys 

ii^Aj-o-o ^IoHujI Llxic. C^LLa <_ll> tiJLaJI 4 ^u> ^1 dJAIj 4xuJI 

.(N o-Y JLfi.) SilSUI 

J^SLj o^Lal^l ^ gfj-® L$ul£j AiliiJI 4ijAu s xo Jaaj dial 
1 A a t ,)fl _ d t*w jl <GjuQ Lo[ — 4 ilaa II ^^al^A^II (J£J — 4 -L^aJI FAPP 
4jLfl t^Al^JI ^jC- Sj^jx I ** tL* > 4..VCJ <((4jla* II (_)xlji£ali (J^J» 1 
111 JLSj jju l-Aji Sjl^II jJLj p-L^ Ijl ^jl Laj I ^y y? 

A 

jiaiil d g -wj j\jjlj «Lo j-a. 3 is 3 • ^y yp I c^ -6 oFa^i * ^> ^ 1 ^ 1 <n * * — 

Jx Jx jj 15 (J ^^w A ^ Lq Sdia. tllljj <il5^a 

L^ dUa.ll <uaiA J okill pi Uj^xxfl dla jxj .oU^LJLl dt 

^pJLa. ^IdikXLol Al> ^oSl 4ll L V^ju^ jl J-Alj .EPR 4j>y3 3 f 3^ 
** 

^Ij^jJl ^llLa^ ^IjAxtuI ,. U^ 1I La£ La Leu jLuul! 
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Caj CaaJIj jL^fU ubj^' (5 l^"» .JA-oj^Ij JlcS] 

*» 

J^^JIj (^Jl lSLuKj„ jfcljiJ iLk JiJ^ JxSl ^Jl ^U. 

{ ~ _ 

3 — ' v~»La t ««i-v Jl <uKJl cLl juail iJU 4 _^jLq 

J £-*>>* U£ afimfo iitSSJI — (!) ^aEll (\Y-Y) J££JI 

.( v ) ^^uSJI (NY-Y) JSufiJI 

Zj w 3 jL 1 a-uJ! <ui Cx£^ c^^JI * sls^M (j) LgVutj d_U 5 I t <JL*. 3 

4J^flJl» 4j*fl J^L 4 4_xuufiL> ^iL ^J! a A * * *- t ( LlllLq 

((41J.I ikill - ix^JI ikSJI*^ c^*JI jljjJ! «3iJ.I ILaJI + 4^ n 

cS l^ -m iLt ilLxJ! Jlc dJlij .^Llu_JI 4 ^ a. jl^jJi 

\ ® — Y JfLoi) JjLuJ! (J La£ ifll!&JI dQjQ.^Aj <(z = W 4jij ^ £ — Y 
iixA 4i*3 + <u^. <Joi ilia. ^Gjlj Ja <jSll Jlj iuilj .(z = w <uij 

^1 4. tcv 4 lo Q <JU 4 in o « . \ a 1 1 r *4 jllo 4 1*s q — d > d Uo ^ 1 

.4. 0.xfl J Slj! Ol 1 i^L jJI <LqLq_> dJj Jju *^l t ilma' S4 jllo 4 _Lxfl 

^AXU Lfljj O-il^ Lo^ L^g. ii-lCL) ^ ds 4 UtQ II diL^JI 4-fl^flxO-O ^Uuu20 jl 3 ?^ A * 0 

J UdcU3 ^ Sitiill 4i^u> ixAlo iijjus ^li dJU .(U-Y JSLi) 
jl 4kUt su^ jLs SjUju .1 jlati iixo j! d>^ dks I I ^ 

31 3 ^ >v Q »43lil^ 1) dfljo 3 &\ A <a"a .^iii J L^ji^jo 

H <3 * fl ^ <— *4-u*JI IsdJal yviu ^ (3^° 3^*^^ j^j^JI 

(Jj Infl fl Ijji ^jxuJ^ <(cjj)1Ij S LiaJ I Qo 4. 111* 5JU 3 jO j! 4 jj^. 

Sj'dc .4li-o j! 4^ Lol l ^ fl 4/7^) 4.Kflll L&ljd . 1*^1. LAjI ^ U ^ 4j1 
^L-td! ^ jOuj ^J tZj W £a^oL*-1! (j^xjl-uJI 4JU. 3 4^Li toil j Jlc. 

4 ^JJ .|z| 2 j |w | 2 3 ^LwJI Jiuii IjLL 

J1 Oi,X (W-Y JCi) JLUI JLill jj Lu lla.ll. 11 a J 



tjjj jk' 1 - * is* Ji«Jt 



\VY J£-£ 


£. P V 

\ Q~ f_ I La jjj ^ yj J-XJ 6J£. Cx> J-2*-l i 4_Lq^ Ij g- lj jl.fl..l I /-.ll-C jt 

O>o J ^pJI SjkiJIj .^j 5Tw <i n 6jtj^.l pUJjUI Jx. c£*Ij L° 

•* 

4oJt J ^ J£-AJI 11 a j R L$JI 

Jx il^jli OR i^-ij^Jtj 4jJJ^ £jja j 4_jJ1 Jjuajii jJ Loj i(jSll 
1 . « . — ^ycjxo^ <j| JjLflJLs .objective reduction 

P P ^ P 

.Sj jiia 4_jjiV> u*- jy^ 4al La^ — Sjjjxu jij j\ <j* 

Ll^IjIXluI S-uli-oJ uid> j-a SJ^Ij OR u^a <3 

,j£*J jl vZJ Jl^J 1* * jl ^1 Ujl)> 


i3 L^ic ^iljl ^JlII jIVi.II 4 ^.r^j jnajj *?4 jl t\\ I I diL O ^vi <j£J 
jlioj oLojJ^A JLC. 4 OjiiV Jit eJ^IjrUI Ijojo (j I JkV l J (£j$J Lo <j\ 
1 1 <3 jl^ojJI -~'l j.». i \ a LuUI fcAO Ij » 4 jjI . ua 

ijl 4iLua^L .LflVo j£. (0 { * ,i - tlfli ^ (NA— Y) Ji-aiJI 

<j * Q La£ LqLoj t<J^-tuJI j jt^ojJJ (jJLcu jj^JI jolx c_j^ 1 jJ <ij-A 

M * 

. V vl^g. Jx. Lljl jJLuiu LaJjXj . olijJjfl-Mj cl An-> 1 1 

Ct'KAdl jjo jrj-^ JO£. jgiV* ( jLlX^I! (J 4ljUlll jli-ajJI 0*JL»- 

. iff flhV^i iffifcL^il (3 4 '>*>*> <1)1 cj^aj ^U- (3 4x»j pA ]l JoJjLkll 



pLjai jliJI 
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■\ 

(^ak-jJjj^vi dJjljua^ ^ a$>.H ^^Luill 

S^UiU JjUj u 

V (jj J)fl flo) 6 Jl*Jl2* 

1 ^OR 

3 4jl>1 <4I"V J\C- 

V 

(jjjLi-ttUjt t Jjj-tu^La <«i < bi£JI 

S^uLill Jjlij C 

^ 1 1 > 


w-y 


. \ 1 L^ * 1 a j\c. ^LJI {£j £ Jl 

(j-° Sj^b 
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IjJk jLia| <3 c-Li^AiJI jJH il^Li^Q CjpLij .4_aU!I d t i / ■ . \ 1 1 ^ ^jjU. 
diJjJ L y~*~^ M> (3 — 4-jiljrUll ^j- 6 £^-11 

•J5H 


4^^! tdJaJ ^ » m ^ja (J-ujla pljj 4-^5 c^ilxujl tla^j <jl ^A 4j ^ js! Lqj 
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_JLa-J jA\ 
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t-j^IjrUI IjA i ,i ^ t ^1 <flj ^Jaj^ .^j^xab-a) ^1 dla a * 

NA-Y J£-lu) (gjiMiA ^3 l»ifc Jaoj j^-I jl IjJjs-o Ljjloj JajLIL 

^o^JI iljla^ k XsC . <Lj Jxa ^ l jLO.a P^si I JA » Jj 8 ‘(j^b ‘(v* p '** Q ^ 


J U 11 ^ 1 6^ <i*UJI ^1 l^ul%o ^ 

uUj^b JU^I ~v Jj&j (jjjlll 

^ ioLaj»uiaJI pL^*^ (3 (J^oLaua ^IlJI SjIjjlLI 

a* 

4-i»-flj ^jl fj^A j ljLo <dLljJ JaJaijJI ^jxluLLo Lqj j-o'^Ll 4 j2*^Lc. 

Ij^ jrO^JI L$-aLol <^j1 a aC.I (3 ((S^jLluJI IjA 4 jlo^J) 4oj jLaJI 

^ M ** ^ ^ ^ * •* «»* « 


.QJ^j LI 4jbuiLui^H da 1 1 Uil <— U-UAJ 4_|jLfljJ 

** •* a* a « a a 

<><JLX&}\ 4 JUJ! <JU± Hu, 10~ 33 ^JUI udLi'L J^la iS'lc U 

4ii^ia J 4 rk <^ b 4 a . Uj . U^*> Sj^-ua ^ ( ^~ Y) J^ . m JI j \ ju 

LaAlki^l Ji c^ J J^ ^-^UlL ^\ |3> A <Ji ^LuiSj^LI 

iiijJajj .4AaJI dJaiJ! Jla3 4 ja1I 4_LUI JIoj 








U-Y J ZJo 


<L£I jrL> 4 aL^. (3 tjoJLaJI 3I ^ jaa 

Sj^ju^j ^jc. LoaIj^-I ^jl flh^"i.ai ^ILa :JpLouj Iaa^ 

«» ^ 

LIaIa 4 jI 3 4-jLa.^H JloU Sdcl^iJI _/ a >j Sjjj-ua ^jLou 3I * * ^ Laa jt\-*a (jSl 

• 3>ta jIjiLo 3 I3j3 ijo-cu H ij^j 3jiJ) ^-a-u^j jUooj^II 

jlil! lijjLsu 3! ijjill Idgj 3 ollu.aV* W 5 L^j 

Uj! j£j! <jl cr^jj .ad^UI j*aaj 3! (aj <>aj t 4. Li\ ua lx ^Liu 

*» «H» ' 

dli^Li (^LiS-o 3</-\Q)) Lol^ .3^^ Jj^-a L-H 4 ^^ o^°j j-* J-oL*a-» Iaa 

*J^lal 3^3 J-C- 3,^J jj^JLlcJI ^jlill JjuaAll 3^® 

w 

3c ^SLolj jLax jA 4J1 Laj 3xj J-t J a K aj j^SM 

^ «% 

^j 3-» 3^-^i 3^^°3 ^a1^” >— 3° 4JLijJa 

«• w 

^kjJI 3U <a!» <jxj . U fr i iA 4 » nkl l jliklJ J! 

" «• 

pj 4 oajlx 6j£-LfiJ l o (^/GJLiJl (5^1 4 _xajuLJI 3 lI 4 a 1 * 6JA 

-A 1 g. A ^ - fl. 1 J-ua^l 4 
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Jlji^L .Juullu, 10“ 33 jJUl ,d^L> ia'Ac. L : N ‘V — Y Jia 
5JL&U 

jJj^a Jj Jar. t4aja^iia 9 d 1A < 1 1 d 1 1 -v 1 1 


^aJL^. jli tljfc Jlo <oUJl ^/aJLaJI Au 

.^/Loaaa-uj 10 ua^jjQa Loa ^jLq 1*\ A. \ ^ ~ .a I \ 1 1 


£-Jcu-uja 9 ^La^H JjJa^aJ JjtaxLil ioj'ill iilojJI SJLill Lo 
(^aajilJI jadrlJI LaOdT. ti^-uol^JI ialjil ^^aAa J J-oj Jl ^LJLo 

j^^a Ljlcj il fr fla flVt oA/LaW Jl 4 a^kH ^jaill 

«► 

*LT^I ^UoA^a ^jUl 4aajL=JI JU^o Q\a £unbljj * ,.. WT^ I 

Lf^ll (‘ f ~ > ^ " <3 ^ J J*JI \1xjm ^jLuaa) 

6J^ Lo <<tKa 4JaJLll JjjlLojLujj (^ala Loai 1 ^jl 1^ a I 

«% 

(JuLlLa Loj l^iUcu j dj^oJa jl i fljlr . ^Jlam j^jJI 4iLull Loj dl~< 1 1 

w «i 

‘J-°^1 J 9(v « -V JUl,) 4JUJ1 4^.1o jU^il Jar. gGliJI 

C£->^l <JLaJI Jl ^iLbO^lla QGJLaJI (^J^l * & 1 j~* j-laT. 1 t_j> j 

p p p 

t£' jl ^jailjja Slja jl p a -* u a» J^L=*al 4aloc Lo Ja. Jl jil j 4 ,v,^ia^ 1 5^fl jujio 

<jA*3 la^-u^o jL\ jl Jl J^a Cuo. <dJjJ J:Uc 

Ml ^ «* 

4jiaa> Sjiai <u£J lo aijL9l j>^o ^a sjuji jIjaXujI ^jc.j . j m^-n i 
> - . ^ V t *1 ‘^aJ* a^lfio .la«()B'< 'i ^1 tUj^l Jl 






jjx 'A t\Q 11 ( j fJ Q *^Jj i^jjaLlfiJI ^J cT\ < i u ^ (J ^ iU 

J\ JJj U&JI a jj> ^ L ^ .J1AJI iijjS 4J3SJ Uu 
. _ jrtJI 4»x£ gjl (g jJl ^“43 ^M^' **"* '* gjl Ja (£ 

* ** ** w 

sajLJi 4 


^\ 3 i~\ji i*ysUI - E ^s^JL jL Ui l*JI jLidt - i3U=Jt 

jlj*^L> CuIj ■_ 1 xxjL^j ^ j j) A.Jl 4-ujl^- (J l^a <*>£- 1 -Aj * > 4 il*d l (j-a 
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U _> \ t I I 4 j5Uo ^X 4 a m 5 — ft j^jJLj 4oJ! jLotil — 27T ^^X Lo^-iui-O 

(j — T i— flj^JL 4-JI. jLmil — o-ojJI 3 ^ 

.uxS^il la* 
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^ IVi" ii. MI ^L*JI £ ^jJI I i& £-JOJ Sjry^ jjsu J^>a ^ 

, a h ^ * \ a 1 ^ \1 £_a <Lxijjij 1 Jll ^* > gt-a*Hl *3 ‘—^ ^Lxll c^jLaxIl 

. JjuualiuJ! (J 

^Ui j^Lju e-J ^Llaj (f \ ^1 3 jliLX^I pljj ££ 3 *-! otxujl 4 -oj 
ilUJi ^Jlj)~ 5jj-a.ll ^JsuJI ^AA^ (jl V-jlxuJ^l 6JX (j -0 • L*H 


(jAa.» jiu JjJjJo L^ ^yuLiJl 4-& Iiifl (Ja. JjLao ^^xJI < 4 ja^H 

.4iLUl t^a 4 U ... a J^Lcuaj ^.jJouuaj <6 Jj J- a Jl 4^lj^xflJl ^Al^laJl 

U^J iflUJl U*^l Sjtull J^I>2JI J Uju^ <jt 4^ JJu ^ U*j 

J 

j AliA /. .M^lll |\ IVll J} 1 » V J Laxfl ‘3li 

<LoLoj 4 ,K Mill 6JA <->y.>S Jx cjJjjU g r 6^ SjtLdA iua^ 4^a5 ^1 J 




s-hj-ii jLiJi 



fkUai (/i 45UJI-itSJI JL*J Jal^u :Y\-Y J £_£ 

■ M ** * ^ ** ^ 

. 4^» uh j-s ^ 4 IL^j <LjjUj oUl^xuJ 
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I I <^o 4 17\ I I J£ Lju ^LaJI 4_u_mill (J 

iflUaJI 4jj£J I ^jLuj '4 xxul <juI 4 0 is-\ \ ^ .U . y-v. 

J (iIlLu) u*jL*HL i^UJI isUa f^u JUJU, (p^JI ic^ 

6j^ tSjro^ 4iUu» U^ ^lltS li>J <jlS IjI idJJU liLk .ii&JI 
J^-^) SjrU-ua U ^ 'nt Siluil) CulS lil Uc 'J-lLb L fllaS b iojJalLI 4 h< 

-iSLUl ikxul^ lluai US) i3Udl-ii&]| ^liS J £* .(YN-T 

X$ <U^jjIj t^ ltlSJ l jlial J Jdii ^jGjjiuo j\L UjSj <Ua£ 

4 J 3 SJI Jo^aJ-O (J S MU Ij-AJJt A Uq % A JS jjjiU 

t(Y N-Y) J5 Ul„ 1 I (J *A ^II £>GJUJI j JU^I ij^i ^ji 

43lkJI J <ij .ijJLax^o ixKJI 4ilkJl 

3 L® JliSIjJL ! JXj .ULxJI 4-iA-L<j't II jLLal (J 4 _a-luUu! s ,j j , »n . 

‘ J^aJI J 43jSj ^jJI ^UUI oUajgJI jJ ^All JU1! 


6^ -fUsill ,> ISxo ifcSLI^ luUgll iSlkJI v jUUI oL^ J^s 
l>t ^jUxII 4iUa jpJLJ .cLAclI! &U.jI j iBUaJI 6JA j5~ " 


4-oIaJI 4_li.ui \1 I jj£_i guojjj 4 , K j j i ^JI bjjJ JjlS ijl 4j| J jJaj a , \\ k ^ ^ 

o ^ SLiill 1 . i\^h J S. u^ . 4-u^ji dlllA j Jjtlxui t ^l l K %\K! t /% j 
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3 4^1 j-Sl^JI^ .4JUJ1 4rw xa jLi^jl 033^ jLoial <3 ^ > i xi iTi 3 *^ 4-SUcall 
iSUaJJ ^jjLaJlJI ^L^-aj'^l jLilc^ll ^ uVi (jl l n Ic ilL^Jl 

d \ /.i\l l > d 0 1_U11 d Q V Q -V- rn, ) ^ 1 iVn 1 l£ 

♦* 

-H* 

i*l 1 x 1 II 3 "y *11 4_fil_lo ^ ^g> iinU j t * l * < t ^-i ^ 1 1 

£ja Lg-fljLu=u ^"11 j^o^ll 0 j-ol ljA£ .LEjLlu 4 *\ i^n^il E 4J) 1 lr\H ^.Uoj 3 
/ l Q 1 4-uoLkJ ! 4lLUI-4l£JI <3 ‘*1-*^* 1 (j * ^ H i S J^ul I yXC O La.v < «.» a. J I 


I j nifl't 4 _£L» j3JI ^ ^ * I a^- 6 ^_fl_i i*j /m II ljji> -3 j 
d 1 v 1 1 a iujLflII 3 3^33 13a ^ldS=^ 3*^1 ^^_»Llo 

** ** M W 


p p 

(J</->fl II 3 1^3 <6 (_^3JI g-^ll 3 jjy^ 3*^ 

& . ^1 d \& \ 3 -v 1 1 pLaj^lajll -v *1 4 ujo3^ *3^ 3*^ • *3^131 1 

3^3 MCjTi *jl \*tg.l d t ..I ill t *?63 a *— *^I^H 1 {$ j Q 

^j-al 3J3 t(j\AujuJI £jjb ij\ 3bLo SjA (^I jS II <(lil5jpa IjuaL^. 

*» 

^ Lul 5 j jill CjI ojiii^ll JlC Jiilalll fja \. xLo l-jjL»3 3 * 3dSl wlo. 

^JolA ‘ <x,^\\ <pLLI jjjo ilLucJI ^J3 1^35 3j~J Ijlj • j-a^Jl 13 a (^3 

1 d^\ |j|j <CjLc.Luj <J*bLaJ^il (j-oj g t \ t^Lla J\ t\\W 1 1 * 10 

O-A cH 1 ^3^ J'bL^j^ll ^oj J^^l 

Jjua^ < jrv-<ujaxuJI t^yd ^3^ <3° ^3?* > > ^ a " fl -ll * ^-Lj l^j.3 


(vUjSil 6l& jli dlijJj .4 -wIaII fjjd p-j^. 3° *3?* J! 3*3 

3^1 — 1 ^^ jj^jui j^-a — pLj-iiJi 

.LgjLA 4_i.o a! 

* * * * LiiuLujI LiL>>l 4^aj JjLi i ..m La 3J, iil-^^ILj 

j 4 -l^L^JI j 1a.\I I d ^ ~v.j ^jo 3^1 ^ (3"^ j ‘Laa 6 3^ 

^3=^ <jL> ^3 J-t — «4 >la*ll <J£J» l^-d jl — FAPP 

«n 

j^a^ll 3^° ill Jjlj (3^5 - 4. AJ -J-1 1 ^5^3 td ^aA ^I ^ djl^ ^Js* 

ijjjLx v^-l d S A mi l JjLaiii-la 3 4 .*vIaL^a 35 a IjA LxLiJ^. j j?> a 3 4 afl U 

h * < ^ h % ^ ^ ** 

Mr 

jLOt^l ^ * *i!l ^ *** *_9 ' (] 1 JnUil! 1 

^ i^l ^1 aU.^l l j il&JI .Jaii ^>Sll ^ 4J3SJI 



f£JI jLJI 


(£3! >kij Jjl u , iAj j .Lljl 4 -lxi^il IflVtn (J dl*i< H 

Ijl^ . 4 ±&J! (j ^1 4 _kxall 4 li*l l t^ljk^rvl (J 3^ 1 ji^II ^/Gllii 

**1 (J-C- < J > 3 -L? LijI j) A i C jr\ 3 ljJI ^jl^J H 4 ajjJI 3 3^ 

jlL f LkiJI 3^ I j[j .i^Lilll oklj^^II 3^ d-flh^ n 

fil I ^ ^L ii o £jC. (. 0 fa lo I j i j t un (jgj j 1 — flj},<n,Q <4k >% 1 1 4luJI T *^j 

^IjrLfll 1 i\ A, a (j! ^ij -*- 0 £-IL ^ JjjlLI O -0 jj )-^ Uil J -d-A-m t iQ | ) 

l^i i /v j ^ajL^j jrj-C Cj^LoiaJ I4J > 1 "y \ cl > A. / 7 ijj — 4liklo 

fill KfjKLiA Ja j! tali-* <jnh Ij gjUiJI 3* ^Mja Ja jUil 

* s P 

jl .^ l 3 ^ » A } 3^ ^ J Q - " v txtl fc (JOLJU^ .^j ^.1 6^-0 SljL^JJ J^JlLlu ijJjlilJI 

.6dA ^\jii\ cb IL* 3 JiH 3! ^ ^ — kkill ^ jl - Jlill 61 a 3! 
.4ixAj 3 I (Jl La (YY-Y) Jiuj 3 JjL^I j£-J 
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^jLlali < 6 jula i- i a i . 0 LI \jj 3 6 JJJtlll oLjklll Ca usj 4 J*C itJl IIa 3 

iiijLaJI Ci->k leLjAflJI 3 <J-om*jJI CuIjixJI fufcl £>o Sj^AjJI 6 jjL^o 

‘(c^^LaJI j^all) C 1 Iwn^f , djjuoJI 4x.j^uj J^xll) G 

«* 

(> Cuts J£ Jj4j .( Ji-uj^ 4^111 ^u\ J) jjcJ.1 ) h di'iL-dljjJ culij 

£- 

•^> 21 ]^ c^jLuu 3 ! 3^Lajj (jLLjJLI 3 >*^ll £-JL cjjIjII! 61 a 

JfklL*. pL Ja* 4 aaqau I La JlC. 4 jiu^aJI 1 $juaa. CjI ^ 11 OjLu Ijlj 

ia^ki 6 LU ll Ail Llili ^>u^JI iijjUJI CuL Lol .(jxSi jLuJI j) 

^iv9 * ( 1 2 4 a .au j V^ Jl 1 ^ \ 3L |iji tfjJl) 3^J t** I djjjLaJI 

iuaUJI ixAuUI JlA LLo^J 4 ^>a^ C _1 Cuki! llLca. L 

fnfl j ) 5 l\ va j 3 f LLuujIj dujliil 3-0 J^J 

iwJI ii^ki JLA Juo^i f 5 3.J t 3o>uo 3I1IIII 3IS 131 6>ll 
l*i ‘IJ'iL^ JU. ial jLc ^aojGJI 11a 3 Li t 3 Jj £*9 -3j i" c 7 ,\ LoLlJI 
(3 SjAlkJI CjLajIuJI J'H 3-0 (YY-Y) J*\ mil 3 4o vQ ^ 1 1 6 1a C^JL^J I 

ilLaJI Jl Jk 3 3 ^J (SjA-*^ J ft OjLUI 31^ lj[j • J-^l 

j iuaj JI (J*H 3^3 fill 1*\ ijlito JLc 3 ^ ^ ^ tG = C ^ = 0 

ij^kj 3^ Liu l C ^ OjLjJI 3lax1i 3^.aj 4 f ll] I j\£. j-CuLlI 






YY-Y 

^K J *t"U . , ** ia> i ^\ a5La.ll ^-UJ^II 4»Zfc^J! (J eft\ au. i I .^cs^JI JL^il 

.6j^LJ.I ^ftt Jl 4 tn mi il l 

JUJLj ^1\ JUiLoil J* J3I 4ioc LuJc CjUU| to J£ o' jiu: ^ 

* 0." 4-ujLfc3JI pt»jjLflJI O' itJJj £-03 

^ J .A Ija jfl U tj *^£J| KjjKu ^3 l^3ljrUaj £A ^oitoji (jAflliJ i3 

LqAaC (jiLu^U IjjLui-a C _1 CajIIII ^l) O^Jf^ j-o ijxa. 

Qal^" 11 \ k\.j\ 4-ifi ^ J ^ < n i ^jJl t^Oti^j^J) o ildll ^oj J \ ^-. 1 I jtlo^ll ^J^-xrnJ 
£jLuj 0^* Culjill 4_u jtaJl 0*JL^a jddAJ jJJUd 4J LLJo (5^J') O ^ ' ^V ft' 

/rjJt Joy Christian o^l^ dii J\ .(^jUJi 

•» ** ** «* * •» 

j jUl ^ H .JS* L5^J *( rV “ Y ) f^ 5 ^ ^ 

^3 j» «-Vj ^jJ i z d l\~ J^-I aJ I d u \i -v II ^ C^i C_J 4A j LLq jt^-jl {g\ 

\ \ • 
















cL» 3 _Lfl ^LiJI 


4 lr> <nl^> 4 1 (3 La^ <J^LLuiaj^| 1^*1 1 1 Ijjuo jt | 

S>AUft £-o jLao^ll IjA ^p-^LLj <jl Jj ^J ^_>lj .^jllijl^ 4 a, 

^Sll OR jKJ>] t* v-x^Ui, U ,i«£JI ilUJI JljiiJ 


jJ^I b±tb jlx-i'JI 4 j I ftC . j)*\ ~i 4 i i I) Ijjfc (j Ja5 {y> 1 0* ui j£. 


• (YY-Y) JSLiiL jjl^l ,^JI 4^1J LgJL&Lul j S^L* <> 

«» m 

C ^ J G J fo L*-q 4j'^LjJI Cwl^UI guajj — <dotUI 
Sjllxa J&] ^11,0 A* V — 4il£ 4^jl J^-<- 


• / ii aII Jj^jPLo Jjal ^ JlJqJIj IJlAj <Lult>Lj £j j A J 




cJLUl JjloqII 


JJuJI 3 


4_iJuaLi^JI .^jL^j-oJI aJLaJL ^LLLuJI fjA . H 0 ^-vl 

«• M ’ 

jJ .lilia.1 1 .If ^lu t -jJI 4_> ' ^_ij I ; L^jlSJ ^yJi-C J, 4fliri jJ I A.\^" Ojj 
J<ai,»j .mental world J.S«1I (Jl*JI ^ Uj-u .Iaa liL^i 

P P 

jlxiuJI I ^-“1^ . fJLaJL dJalxi^jl 
La iaj^kj <Ul jiij <jl£ <Gl jj ^ Bishop Berkeley J -& ■ aS-.^ ll 

uy=± j LllLc ^UjAflJl ^JUJI 3-^A? 

p (j^Lua-a. Lo Jja* JJ illi^JI ^1 (j Jj-alu IjLlc) 

.^^LijA^n i_l 1*S jr\JI <jA £AAjO 
%• 

(J SLj jJI — ifiLEjJI pJLc. juq lillj LUx. Popper jisj 

iLuilxu 4ujJ <jl5* ,_\ fl.a ^5 ^yaj <4 il,5 * 11 gllu pJLsJI IjA {£j* 3^3 «(\— Y) 
i 5 j J)^ra J 1 6 jx (3^ .(Y — V) J£ <?J1 ^i-Jua^Q Lo£ ^kJl^JlJI ^jja 4u^jJj 
L uu li.ia.il (j s 3^-i ^JLaJL <Lo 4 JL)jJoj c^JlLxJI ^JLaJI ]ci n jj 

. 4-3 15 *11 <j-a 4 iUUI oLiu tLo Jl2 * < ^ 4 _xq 


.J^jlxu Lx p^iJi jna i 4 flllA a 4 xjjJru tf-LLu^l gdlxl <jl J-ij! <^jSll^ 

Ci Liu jus iiliull jjl (3 i j^3i ij-*- 3 L^ 4 all I cLu-a. <dl jj 

U£ (j/Ml t 1 ^ j A <„i 4 1 iJfiTvA ^Jl^JI ^jl ,.\ QX. I J .iTnlfi^ 

ctS. a. <«iJiiii (JUJi, ^ Ji ii^L .(r-r) jsjji j 

. 4_.j j l-A l cN 1 oLaliall jJLc 4j£J i4jliuJI ^Jlc 1 5 ^ j-A jml .AjJI ij I 

^Ja ^-i_n JUI jjli <4A)^iaJI a * .d a 1ULI djjiaUjJI 4 a .a II 4jLala> 






^JISJI iililll fJL c :N-r JLi. 


^JLaJLi j-uajJI jLale^l (£jJi 3 (V’-N) l N * * * N 4j 

. J<LAJI ijjfc J 4.Tuajub Jj& ^..fl-iA J <LuA Lj (^jol^S JlC. 

« 

^Jl^jJl 6J-A ^ua. 42^L»JI J-^iJ 1 I*1 a <j-° JjLua u-Sj-oj 

fl~ ^jl! I Q i l t ( J^_La_U 4 t ml ><il 4.K nttk till iA ^)l ^ J J . U J « 4_XJ IjLlX 1 

4jLou ^ ft 5-1 a ^jC. 4 q ,,« %! a U »*jj-3Lj j^ol IIaj tpLjjAll ^ja 1 An 4 j 1 5 * 11 
qLjj)\ 6jlll jJb 3 4ic 0,\-a»ll La <jl .ijLxil 4 j ,.S , l a,V < o ^Llxjj^I 

.jj| ... 4 q 1 U i lj ^LajJlj ^jtillj CjI^i.xu.-^JIj 4 « Al t 4-uLj ; iiJI 

^pL^-tflJL 6jl X <nll jl b£l ll j£.Luia jfiUJjJ Jjl cj^-°4 * > 

1 J t U," ^t\ LjJ LaSk tlj-*-l 6 ^Lo£-L IdA <31 jiajl L5^i ^ 

j jjujt (r-r) js-a. i amui ^ ^ ^ J 

I jjkj) pLjoiJIj cjL-loLjJI & u ii^LxJI jz,lSMl o-^ jJa ^uLLuJI ^L^ a. I I 

jfl a J45 ^LjlII dtli 4 jl^L^JI ji»u oUa^.'^Lo J! O *( 

,<£]* .(s\ J' i 4iilj! Llj SjUU 4ijli 45 ^ UjUieL l*JI JX* 

M ** 

4 a t j, l~> 1 1 /y ift 1 4juAL^JI \ a 1 i J_> 4ll^^ ^JLaJI ULl 

l^jl £ j jJaj ^jjJl — oL^AbjJI <j| Jj «Jaii cllj (jxuJ ^4iaJI Sjjo-oj 

«• 

^ ^ C t l \Yv m l (JlC. 4JLtij S^AJuQ J\lxl ^pLjJ^Jl Llllx. (3 r* . 1> 

M ** 

p ff p> ^ 

.Jjjat J, 4 K i5*^LaJI 6il^J ^Lv\ l <L_uajLJu lllj .pi ti^>Lj l^_ua^J 4je>l m i » 

^JLaJI (3° 4fl^L*Jl 3^3 ^ l i<Ji^ aQ l i l*l& 

jLlc^l <3 ^iA\ J lliic. 11 a j O^J • 



J — AJkJlj .oi l 



Y-r j KJt 


tjuluS ^dJI U :^l (JIJ^uuJ! j JlaHI iJlill uJJ| iJJ 

j (^L^liSlI (JUJI Jl CJJ^I Lodit iljiaJI J| 

C-L^L^JI i^LJ iaaj! c*l£ <CsibLJI QduaiJI 

(Jl isLi^llj pJL*JI >— i^ajj La, t «Vn (2)1 111 ( j j., » , ij ^-ill 4 ji^iL) jJI 

♦» •• ** 

Cixoj pL^,S!I 6JA ^iua^ ijjlkil (jl ^Lu^l llj^ljj ,dJj 

wjjSIjUI aia (2 )Lj Lolc dllA (2)li *dlj ^ 1 51 II £^i!l ^ 






.j\jS\ iS^lSj fJljc :T-r J (L& 


.(£j£ uJI Ji-xJI >Xjj uju oLuisUjJI <j\ <j\ il njlSfc 

d a \^ t-> .^i 1 1 lfr£J t4»Aj^JaJI 6 u (jl (jfZ-a .* i ^51^11 

^“5 \ j U» <m A 1.0_>I 1 aK t <j-LdaljjJl do * q 11 jJajJI & ^-oIjjJI ^JLaJI 
** 

^ F 

^JLxlIj J_fl-xJI |JUJI xu 

f4^l <> liT j] - f^uJI IJU o> Jl SjLM' a-ait ^ lili ^jkAAl 

^1 4 J 0 I iiUi 1 <on JIjjJI 6 jjfc j^y& Lil ^jl ^ y± X J — ^J-*-flJlj 

m ' m 

(Jl^iJI aia. <jj£S jl ^flU'i l I J> (jj^j Luj £*J -t5j^!' fJ'>*J' 

d o 1 q -v. 4Ja i A4JL 1 i ^ < »*V 1 J^jua£-LI ^IjJ t^dTi^ut ^y& I fl » 4j jn lj 

.fcjLaJJ fJljjJI c*e ^ 6^ 

4j'^Lj <Jiwu ^ V— V ^ ^ » “' La J£ 4j-aib! 4, fljS I I 

d L-w,ft fJUJI ^2)1 I AJ.-vl tlA^^aUI ^iJi 4 j i n 1 1 

^j| JJjudxil 1 J-A (3 -oLl^L^JI 4 * 1> 4ajuuLujI 4 fl as\\ 4 



J — e-L»j l£l 1) 


A JuuoJol La Oj> . t pL^xflJI \ fl is\ j) J Lg-olAaJL&ul /jSlaj Lg_La^Lt oLxxoLi^Jl 
< — Luaj ^1 1 0 * <>i ^j (jli toLixoljjJI {ja <4_ujLxL 1 el^a^l LjJLa.! Ijl <4jl A 
j^-o'iil gJLaj ^U^xaJJ ^JLaJI 2jL® JLjJLj^ <4JLlL 4-flA-J aJLsJI 

H M ' 

J « <~i_' ( _ y j^Ja^Ls'i!l (JLxJI f^ya I j\ i dua Ipja. ill lift (jli lOJJjJ . oLl-uaLijU I a »L 

ailoj <Jl*JI j 1= J£ (jl l-Lt J^st 'i .JilL, .^pUj^JI LiU 

** 

Lil^a. £ja < 3 ^wAj 4 4.1b C c l ^7 j I J-a . *^1 4jl ^jABl ^AjI ijlx *-*- / d 1 iSf 

ftft 

kill (_^l j 4_xuj , 6 ^/v^Lil (_£A-il IaAj (_>uLtul I 4 J 

** **«•«• •* 

J )l«Aj Luufi JB^II Jut oLjjuoU^>JJ 1 \, a fl a jLLI J <4Al <3 JfLaXo 

j»JLxJI J jB ^^-uo^xj ^1 £_a JoLjtjB 3 ^ LujIBa ^ v U~\ <nj <L^_Jc 4 -xuIBJI 

(^kJI (jjjljJI (jAju ^jtL*-4 aB tjJfiljJI 3^9 .La 4 -BjjJ^j 
. iil^ 4j'iUl *1 IjSn (3 d (i&JI AS ^-o^ll 4iuiLa. (3j t i±jJLjJ 1 ^ I jJI IaA 

XJ 4jl CuiLl tJ k fl fl J*V ni I I IaA U\J 3^ AJCJ 431 j£a) 3 I ^ • «* * lAfl 1 J 

ft* 

.Jju^aJI Iaa <3 JSLAil Ia^J j^cl l_s J > aIx a 5*0 pIjSII AAA 

13a aaj Ja xd-uali. do //s ij (^ALuii^ll ^x-jJI 2>c ^L*iS 

•ft ftft 

Jaaaj S^j-alaJI jrt-aiijJI JLluj 3 J^A 3^ joj Lcjjii^o 
^ «* 

<4-*^!^. 5jj ^ur% ^ . Al a > Aa. jj iiiJj liilc (j^xaj lAj! 3 “« Jl 

ft* 

j S » I I (JL»JL ^LjpiJI jJL»JI Jioj (^jJI (>(j mil olaLu ^1 j I Jfl~if.l 
ij (J-5-»-J I j»JL*JI |» ( 3 fl I Lji. V-» . ~> LlaLal (jl (£j\ <^^i.l SjLuiJj .4 jJLj d « i-v « 

.^LjaiJI (JL*JI jUal 

(jjIUJI (jAju a ^h culU-w .,1 <ls 2 SII (£-r) J14JI j 

ft* •* 

^JLaJI (_>a (_£>j t J ^ . ^l l (JJO ( 2 >aj^II oiiLaJI 3 •JAflJtJlj (^jLjjiJI 

CjyljiL Loji^o 6 jLklcL 0 A3m1 1 4^jAj ^311 — ^LjjiJl 

** ft* 

t jvtu^l v— uLsbJI 31^9 -^->LJIj 2 aL^BJI 3 4“\ »ifll \ /% 3 * j “ 1 — 4 S t a , ) 

4ft ftft ft *ft 

CjLqK 4-Lfl jjiu Lo 1 jy& ( 5 AJ I ^JLaJI Jl ^aaAj ^jJI <_£jA 

** ** ftft ftft ^ 

p 

AAA (3 ^IjJI 3 1 j£aJL AfAaJI .IaIa^ ... (((jAtBj)) Jlo 

<3 ^11 toj&C tpl^aiSlJ 4 oaUJI o! II * ^L»*^l 

p ^ p 

.^B^ixaUl J-C. ^ik l-Lloj ^1 gljAl ^ixxuLul 4,fl is\\ i^Al^uoLi 3 I 






£ya till ( Jujj 4aLi <Lo ^-Lua^ lx)dJ (j^ Lft JiJ a j 

~ * ** ~ — 
p p p 

j-fil (J^ ^b J l L^J J ^ Ui^ u' ‘l^il 

^**1 * j) ax.^JI (J Lt tjJjk^flJI Ij-A (3 2 ^Sj 4 J Lua^L*-o 4 mp Lil 

M M 

LaAj tiajLjjilJI ^jol^JaJI ^LflLuoa fj\ "\ l l n i/-\c\ (£— T) J <C i?iI I 3 Jjj 

4 u*^ J^ahj 4ual^-aj % /jl ^ IU i^-vli — ((4-uLtii^v))^ « 4 j J^laj » 

^jQ j)~ ^ \\e& jt fl ^ *■ l. V^*\ ml ^t..ll^Ju.U i (Jik ^1 *^l 3 

Q ~ J tVt d ^ 4. , <V> td_L^lj 3 A ° «^l |*1 ^-jl^flJl 6 j-£b ^J-oC. S&l ^ <0 tj^l 

tt*! ^ ^b f 4Mb £»^>b JLmJU *^-11 *b^n 6l 

.^LuaJI cJuuajJI ^1 t>0 c^ Cy* *iJJ v * 

S^_».l J ^ lail» I^jjuljJI jAx) JjILj wiS *(_£j^n « 4^1-x.i I >) 

^ cji\ JL> *L^I aJufc ,. L^:> ^ ^ Uaj j>1 S 

j jlj JjS oLLarsJJ d^oj^LLI ^bj'JI Lifl^C IjI <Lo dJLj^laa 

^b c^.3 «.(l — V) ^J^-dJI 3 4^*^ 4 j.1 fljt 1 1 pla^u^l 3^ u-Luaj 3^ 




J IjlJIj c-Lij LflJI 


oIa fj\ 

(j-A Cw- v /n 


O J ‘ 4 a la X , 1 1 6 jib Ulc ((SLmjJI » 4 aK ^ JjjJLuu 

till JctAjJI d -^w \K ^UJI cNj^ ^ I i 0 il^ <((LuiOJ)) jA* I A. ( 1 


. 4 x>l ■aiTk. Jl JUcSlI 

(jj t<Su^*j ^ iA-aljJI ij j_$-uaiU La 

» ^ ** «* 

'-l Lia'i! IJLao i.j dJ ^L -%.1 4 a tu Lla Q^luJ <1 111 <*> .\ a> £j| } la“c_ l 


^AfiLujj) LliLa^juS d.v.lc jlaJ I ^ a *> djl ■ ) a \c I ^ I .4 xiaLo ■_ a ^ m \ 

%ft 

.L n . 7k . l l p^aoll c_SLj^ju 1 < 3 \ c ^ nwii d_fl_jjju dJjUx ^jl £ua t^jSlI Li-ua^ 4j 
L>* JWI J^. 4jl J jJoj <jJ^I dioi^. j 

M * ^ <• * ^ ^ •• 


6AA ^L l^ k A i to l LliSL&J^ <»ijl^J^II £jA AOJlA <^£.^U 4jjJLu 1 v_jLil^X * d v '■v. 1 \ 

«» 

l >^ * -} £-* ^ > n»j c-L-jj^ll Jil^jj ^IjJ^I tJljjJ :Jla <pL^ij| ^Ijj^i 4 * a II 
dJlxS XLjl^X J^Ja < J- 2 ^Sll i_jjlxJ! JX-J *&j£IUI ^Ijjkj Alilj 


tJJa (3 6 J l a Qaj Lia x j) 1 I n i 1 pl^a.!^ S^xJI Sjlj^lil ijxa t^ubliba ^ ^ .ATI 
4 JLjLlLo L^>.jI ( jx i 5L *j olxJixuo-LI 6 Jib ^.1 J?kJLail <6jxJI Ljjjlj| 

Jl >=-l P^£«JJ JuC. djualLcul d a JV~V t ItA ^$ij| k_d^_kU 

** ft* 

(j UL& Ujjj JliUlj CsALaJI (jt > AtLkj j .JJAJ 

*• «k 

ft p p 

^clia-uxo ^ I , tr^La j L a d^oJI Ijib <£^1^1 3^ -La^j-u La ^jlS-a 

«— d j^-l ^jJ Lilj .JaAil d_aK Uli Jju ^\ <((6jry^>ll)) Lajj jl ((^_flJI)) 

jjLj^^l <jL±a& dlllib ^I^JI 3j .Lxubllaca 'il nii tj^A^nia-uall ^jjjib 

(^U-ioJI ctllAJ Jl jjlxLj S& < 1 lAUTk . .«pl^jj|))^ «^C>JI)) Laib iLa^a^_fll ^! 

«• 

g 

lj_^ Laj ^ i I^J I 3 ^ iLfiLa* La l \ % o u3^£-l 'il pLui>l ^jc. ^-1^^ 

•• 

p P 

dUjj IjJi^ 'i! cjLj-ubLjJI pLaicj to l^iJs Lj aJIx. ^ijl J * ^,..11 

<l^j^a J aJI < nj pLl_uj^ 4iijflJ CaLAj^ju Jl ^ ^ ^ o ij^a'bll ^ya j) \ 1 1 

311a tjj_uaJI I jjb Jj .1^ n> CiU^LxJI Jlc ^ jjU I^j > ^j| n^iu 


p p p 

^ I jT k X tol^ i a dl^jJI ^jl J 4jl 3 J % A ^ * 4X0. Lul dUa > 

' mm wm * ** mm " 

P P 

-A^ Ij-ol J (^1 ^ 3^5 d_^fl jili jlxto 3 gdk ixa 

p 

‘ 4 *JI s 5 ^ (S^ Oj J fil l ijL® ‘dJjLaa 4 AjjJajj 0 U\a 

^ dxajLul dJxflj Ly dtj i^^JI 4>a La Lc^j |a^jL!l i.iinTu jl 



N-V 


S t ^ 

j£.lai.a ^c. >" v«r> — 4_uala. bjj)AS\\j — <x>l.,m^w 4 -lLoC 4 1 a^vjo j jaIaj 

,4j <<iLxll 4a_iLuiaJI oUIojJI pl^^l jJ'iiLk. 



LUu ^1 Jjl £-OJ t^oil Joi n > ill ultLul ^ya 4-flUUJ JlXJ (k_J 

pLc.jI.uu 1 1 ^ ^ ^ * *^1 L^jl j 3 4 -uLujuxJI SlSLJLl <jLi <Lu Loia . 43l^L^-o 

•c^'l 

«* 


^LuuJl Ijji t^L J t^^JI plcjILail ^q 1! ■_« / .<! \11 ia Lu uJI 

•+ ** 

., tint \a ^jaJ» jJx. LuLlUA 4jI^L^Q ^JlA. J> ^ » -A.> *il 

•* 

cj^Lul jl k»Lu^ j) CuLjj^ ^>1' jjyikj ^ 


(e) 

00 


t^C-jJI ^jl~ <n \ pl^ail (ji ^yAJLJ dUj ^jLfl A fl\ c ub -W~> I I Jjl 

^■flJriLll <j-° 4 j1 i^l ^ J.ufl <^-^JJa-uaJLl ^)J Jj 5> (j-o aJjsI ^! 

« ******* «• ’ ~ 

A *vfl iu CjU'^Lc J-C- Jj*£i\ 

£ p ^ 

J^illl £>U iS'JjJI Jja. I 4 J ii-lj ( 2)1 (j. 'C x ij SjJJlla jh*i oLg^J 4-ajj 

oLjlla Lqj^Jj ^ jil .c-iLaaJI 4 jl1a£^ ^C-l^JI 

•( J )j (^)j (v)j 0) ^ Lo, i^ . L * aa 

Ljl_La.l ^ a.uG ^jJI L$3aJa£.l jJaaJI 4 ^a.jj 

w «• 

4 \ A-V A ^ J-^JLjjl (jl / ^4 t tt 11^ 4 .ifl jJa^J I ^1 ^ Llk^ *jl 

** * M 

iuLutaJl cA xLajJI Lli >3.! Ijl 4 JIjJLj oLiLxuaJI <yr\A A I, V Gii <Ual f i t i i 

M< « »» » f 'j • » • • 

4 -v 1T1II 

1 \ • ii<j < (jLi — (^) l l^jJ[ jUui\ — 4 _uljJI ^JonxII 4 L<uJfl 

.La Lftlj 4 jl^.Ll^> Lotkc <>J.I JoLuu SI^Iaa 4 \ 4i»Lml 4 0 1<~\ t 

+r * w 

SI^L^jq 4jjl5Lal ^-a 4 jI (3 (c- ») 4 jjL 5AI^ (l) ijjLflAI 

4 1 5 ^ 1 1 i a >L <LgGtj 3 t ^ ^ Sl^UJl dLt (jLfl tjll JaLuu 

jtaJLj jJ «JlJ Laj^) <uJa-J p ( 5 ^* 4_a!Lfl t ^1 ^£-1 <n« ^1 < * 11*1 a ^ ^l 

L-iUJI Jx. ^.U .^1 <u^jn j J^IAII jdl <^ 3 ^' 

ia l m \J St5^la*_o 4jl ^jt &-=* iJ <Li£-l s 5 ^ ^Lxj-uj LbjhXj 4 i i .L Ti A. 1 1 

NY* 


^1 ^ <x-LUl 
«* 




J Sai l \j 


4 (] ^£b uili ^jJ I jLc .^~cA I— s" /nl j jiu^ - 4 (1)^ gJI 

John Searle Cjj^ L$^j er 3 ^ _>^l 

** 

a^ULJk l*J tLk ^Ul 4*^ j (>■) 4iJliJI a^Uil JlaH 

*% ** ^ 

s j^-V 3 — l^-^' JoLmill J p^i, ^(c-j) 

•• «% ^ M «• 

JoLixull! IjLA g)£J — 4 aJ| *— *Aila (ji Laa lc pU^- 4 -®-!! 3 *{$** Ja* ^_> 

St£L~a 4 _j I J^-aj NLfi .Lul <n> 2 La> ^4 " 1* 0 -v ^ /X-cu *bl Ijl * hi Jaj *1 * \ *a 11 

^ H « ^ ^ «»«»«* M 

«* 

JoLouJI j P^ulj IjUb <Jal nit II dJJjJ L&pljja*l * *Wt ,,i\ 

.4-uLujJI qI jlUjlJI ^Uaa ^_aJJ ^jUjAfiJI 

IkiJI <> ^ .l*J iLk ^1 (j) >UI 4**^ Jl J^l 4,1*111 j 

«* ** 

*vt ^1 Lojjj -4 a IU/% Sj^ju^j jJjJI jlial j L>1 a^JLII 6 JL& £_a JjaLxlJI 

. 4,1 .flic. <~*1 “V lU./NAi ^X- jJI yUi-LLflj 

£->a <(g) ^ 4^_a.^J SjJL ^-i->l 9 iaA 1> jy'< Loxj 

«* v *"*’ 

jUvt (jl ^ La 4_AA.fi . 6 tiA ^JajJI 4^-a.j (j-° 6 J J-Xjuo ^jl 4 a I 

j^-»3 <^l .((4 a^JI (g) ji^i\ < 4 ^j»j «4 fit* jua Jl (g) jJ^llI 44 ^ 3 )) 4a1x 
j — U Lcj^ Lia c 5 ^uXj ^jJI g>^ 4fl j A.o A JI (g) jJ^lJI 44^*3 

4 1^ m jl 2 >a 4_ AAA A Ltl^jl J %*1 C-fi^AU^ i4jljjU 4 axO IjJ 4_fljj_xll &1 tfl It 

oL a . U j. I I <jLUj g- jL^.)> J^il Lo ox j .4ajLoajJI qIaUaJI jLUj ^jUw gJLl 

P ^ p p p, 

^L L^ .U Jl J^l a£l u» > (jr\JAJ 4-jli ( {( 4 _XJ Llu_^J I 

^ M H ^ ^ ** * 

gjLa- 4aX wia ^ aj l (Jl La *^| 4-iLfi <(5^1 IJ 4 J IJla-U j -4 1 jjla 

Lal .l-a <hLa.11 ^[ <ua> II jr\X JaLouJI Ja^l 4_fl ^^ jlLI pUjjjflJI ^1 L*> 

«• 

(JUsla v^jJLlajj LgiU (JjLLLI (J *4j ^ iJI ^JaaJI 44 ^.^ 

•(^C-jJI k-LuajJ Lu^L (ju^J (^jLaJaoJI lla4i ^1 Cxp> iiijjJiil pUjAftJI 
♦♦ «• 

p, 

4^1aaLojI 1 \ % L-Ti ini La^j ^ \ H d ^ -v. j ^| ^ . A lj II 

La^ 1 4. juo.fi lj 4 _ajLa^laJI U3jj^ (jl Lfi^ \ a*\C-l ^V\ l a <^jIaJI 2 )^° 

«% «k 

I I 2 > ^ A < 6 JA jiajJI 44^2 2h® 5 .(NV— Y) J^UaJI (J ^a^Ij 

^ 2 >^ljJI *>^®>ll <3 A-UJI 2 >^J i^c^JI 4 *\\ U jruatflA 2 )-p Ja£Lui 1 I 3 

** « * ** 

.I 4 J I 


\ Y > 





L^-iic. ( 3^-1 fj ^jJI oUJlxual! 3 ^.;* Cx^ulaJLail <(W-Y) J*\ ntll 3 

' «h ^ 

f. 0 

4j . <(t sLxuja. II iiLliJI)) jl ^LSU i^Uill,, ^Jla .in<i < 4 _u^La. j <LgJu^ 3 

p 

m l i 3 c>uLiSll 4_L>L5 pLa^-^ 4axuLujI 4. Q toi J^.^3 < 4 _a_±jj L kflJ ! S^^usJI 

'iAjlS — {Jlx k’ia ^l (J uaau JLp — LlAj! Jjlj ^^,,1 <«i%K li toll 3 ^ Lo£ <^<cnl£JI 

«% «• 

( 3 ° tJLS^J^n 4 .aj Q .a £ .-a 4 jSL 1 a 3 -g 4 jl> fl 3 C*^KAa 3 ° ^-CjJI <^uLlSJJ 

<]*i3 1*31 .ikaljUl ola^klii Jl ^LSlU 4LL5JI ajtal^ll jp. oU^kll! 

jj-u I I 3 . 4 Ju 3 lloJJ jl 3 )! 3 ^ i^La* ^ < 4 jlIL 4 jaaI CaI 3 

J| Jo^^aJI a$J j^aAa v-i^u < Q\ x I Al l ( 2 *) jjalll 44 ^vj (Jj^> tlo 3 I J 

' «t ^ ♦* " 

3 6jh *nfl3 (J^Laj *i P^Ju ib±& a JjC O^ILa* 3-' Q - u ^ (^"Luul Lo p^l) 

•u-yUI J -^1 jLU 

ij ^Aiu ^JI Jl ^-aSLII 3-0 JUjj^U 

** %• 

— ill^JI 4 ^.3o ^1 — R 41 a a ml pljJA-j H u-xawj> 4jli ^4 t wla" 11 

La-j ^ 0 3 ^ 9 ^-* ^ 3 ^° 3 <4JLol^ 8 j^ju£ij 3 ^ 3-*-^ 3 ^ jy*-* 

I J*4s 3 ^ {jSifltjl wii^xu <3-4 LoaSj . 4gj Ij.iIl.xJ 1^ ^ULU 4jJbLflJI 3 ^ 

4j^> IqjJI 6J-4^ <<_ 3 1 3 -^ Vo 4 ^a.^Jl» IjLo. Jjlj ^ 

3j^ 34 — cyg j' * * * 1 1 3^jik 3 ^ 3-uja. a-lIL* ^3JI — SjjjaJI 

** * 

diijj 0vixo5l Lac (Jl* Loia ^Lxid ^!i^l 6».\\“>l <33-u»j t^jjjLxaJJ iLLS 

. r\-L»aJ) 

: 4^^UI (g) ur^ ^ 3 

I jr^y J 4JLUJI Jl 

iaiLfl *i! IajI 4J^fll Lai i 4 _Lfl *-l l \.a LSua. 4 jI ^ 

.j-^l 4-ln.^uU 4 _Lu2 JjC 3^13 6Jjbi^> pLj^iJ Lucul 4 ^-La. 3 Lv I 
3 -o 3 K lj| Loc iiijckaj (^jJI Jj 1^*1 U^cj <pjj ^3 c^^La 

^CJ ^1 LlA^ Q 3 4 _uLuIaJI CjLlLoJkJI 3^* v>1 £jLa. P^jj 3 J 1 0 t i 

tgOjUuill 4 oJ|J 3 4 Lo_i, rf.g-l 4 K > t 0 I < 1 a 4-iL*JJ l fl 1 < n ^IllLo ^jiol 

dlJj £^45 .4 J(JIj Sjl ^ <0 j ^ojJouIlII ^ ^ 1 1 6j^aI ■ «* h 6 Jib 3 

3 ^ ( 0 — V) JULJ 1 3 ^ 3 U , 7 . II 4 jjJ CxjuOjC. Loj 3 c 







c l iA \ ti l 1 1 *. * * I II (AjjlLII 6aX (3 • ® ^ 

Cjj^j ujjJ — (jLuu^ll Jx cU-lu j-ol jXj — JjUlJlj 
iWilliam Hartston c jjl aG jU ^ULj iydJI !£^JI jll^l 
aoilaj Jane Seymore <j ^ J JLLa <>» Sa^u 

*** 

jjjlJI <«ca ^ujojLuj ^-u» 4-L^q ^j-o David Norwood 

.(mr e uj <rr <ua<\ 


Deep o uja jxj — c^^JI l 2 

jSj aail£ lax J .*Lill a^a^. I>l J*i <GU — Thought 

^jtljLflj i», H \A c-ul^j tpla^uJI L^jI l_/\Jcu fjj* > >i£l ^ L u qajJ I j U i i J I 

Sj^^vAlLi j^-aui jaLJU laxj .a^-tul a^^-uj^II j>jJI <j-* ^Ia^LloJ 
jSjJI J£ Jjaj JjIuaJI (>> j^-La. Jjaj <5 ijs* dl'ilol (Ji 

■ *lj^~ll (j J!Lajj 4lxi »l u~i_'>ll ^SjJI J-C L° (jLi .elj^udl 

- isj l jit A. II d 4_>| i*l l‘iA *}J (2 ^°n 3 /fc l i ^ > iaJI JaUJI J^>U> i— 

(JIjxJI (3 ^a£-> 4jl^ < * a ° j) I- 1 lax ^ *— j->a * o ^g Lq ax alia £^3 

d\ \ ^ 4 -aj^x alia ^ » <^LiJLj^ j^aLxxil ^a£^ a^-tu^ll 

Jj) ks~\ j^Jl Q\ 1 c-jlmra. JLc. gudj^o 4jl 4_L*_3 LsaS * aJIj 






.^JjaQ.!I IjA 3^° P^uj 4£_3 jJI « >1 Hi-*. (3 id-U UjJO ^ 6 4 U X A 4o*jJ j! 

*JLJI 4 at \ \ Irk . 4 _Lfll^ 6jj) *s\\ 6 JLL 3 k. ol j^i ^.^11 dlLi <Ji!LU I jib 3 

3L^I ^^1 jJj S_L>»b cj! j) 1-^ ^ II k-% tu~*- jj 3 ^ tjl 

J^JjlIj Liib 4 -uaiLoj^II 4 JaAjJLfl 3 4 j 1 ^woL) 3^-1 tob>H £ja 

i^iC-jUl \ > tl ^ nifll 4JUJ! 6 jib (3 4 jl jJLk « 4 jj 1 AUA 4 >»1 

^xkJL Jj jjlax£A \j .jlj^^L) Jjli j^C 4 jl JjjLiJI >*.U. J| O^ 1 

.(_£^>-j>^!l ^Jj Sda.1^ <Ual xoj. j 4 j[ it,u.ia> i^JflJI I jib dilXoJ ^ 

(j 0 II 4 -ic^jj * '' /.t -v n 30 jjili L^j^i jjlj Jlitl l jib 3^ tdUjJ 

^j ^.1 V) Ji-ui 3 4 -a> ^l!u 3^ idjJI 

^jJI </^ll pIj^.^ 11 3^ J^-l 3 J-^ 0 ^ 

pLau^I 4 -o I ,.\ \ ~\ ml j 3 Ali 4 jl^ jA^ I J^jftJI £-0 3 °LxjJI 4 LoC 

uU < 3 jL»oJI 3 *. La. J-c. u_fljjuJI 3 * 3 * ^>3111 ^ xaj j .JjLlJI 3-° 

jjc (J 3 ifl un 4 j£J < 4 lLL> (^jJI Jj^l JjUJI 3-0 ^^LLjJI Jlx. Ijjli 33^ 
<dJJj £-oj . j*^.fl,.ll 3-0 3 Llo| ^3** / < 1 -ft 3| * 4 ?i ^HJI JjUJI 4-^-2b.l^-o 

4 -iv ajj 1 *X a a 33^ Lo-ij t ! 6j^j unA p.Lalib^l £_o 4 j| j j Jj JuLfl 

j-o dilj ^jJooajuj Lojj <lxaLa. .^LajaJkl ^ftll oL^j^ 0 J-C- j^*aC 1 1 
3 J^Lj 4 ^Lu^ iAxl g 3 >^J! 3I <LlSLuJtl 3^1 <S 3 >uAJi 4 jjlJ 


I jibj . 4 jJLc. SjjS ^ j j" J \ is\K JjjJLojlj jcuo.'il uLua 3^a> 

I jib JjuJLI i^txka. 3-0 3^J djJLa. 4 ^ljll j^uo^JI 6 I SjjJi ^LLj ^ jl 3 . 


^ p 

3 b’irt P^L •^ 2 fc 3 J 4jL ^jjjLmrw| IjjLljj < 3J j ^_o ^ . 3 ^^^ 

4j J^ljjj ^jJl *_j jLu^ 3 I . j^oLxl! v_jLiuaJI sNl j \ 0 H)) j 

j~ J) j * a*v 11 j\ ^ ^ 4latiLi LoC I Ja i ‘ al~A.i 6 jib JolaIi 1 i 4_ixJ 


p^uu d q to ^ 4 jJcLfl I cj^LuL ^LlEjiJ ^jJaj 3^ ^ iKlti.u t 3 ^ 

3 ! Jj^)I ^i ^jj^J <dJJj 3 jlA Lxjlau^j 4 LIaua. S^LuiaJI 3 ^ ^ h j L xa^-A 3 
«* 

^uU^I 3 juiJL 4jl ^-o 1 I j^ 4 AiflLjo 3 ^L^JL ^ 3 

I jib 3 *—^ 3^1 3^ ^Lls 3^Jt A-iul 3^ ^ » jj* 3 3 ^J -tjajjja. 






C- 1 t il l tv / M il £j5ja uaJ-Ul * 4a > 11 1 6J-A (3 — tj^- tu 

^j^-1 — ^Luj^l (Jx. iaLxJJ J , (3 tx i J^\ Sj -03 — JjIajJI^ 

.^►^Jl J_^Ixuj U m 1 1 i_ajJ (3 1 t AiSxr * * a tajlx jl ^ 

jjiljj (jjluiijU ^.LLj wijb .Turing test jUUl <>) 


J « » ... "il 4jl ?r ' u-1^lj (_y^0 iljLa-0 (jj .Lo (Jl Ltl fl -i 4jj5i ^-o .(jlUllI 

Cj ^ . ' r d iA j.c-1 Jj! ,;Li i /I fl ' " ijA pjjS 1 tj-A 

jjUl Shadows of the Mind (> J/jII iaJu a ^pill 

*» «* 

^aJI CjLlLqjJI L$al tiiaLu^JI qU1aj. 11 iiS £>J^al ^jSll 

** ** 

A ^ 

iiliSaJI jj jnx^J I Sj^aa-l <jl j^^JU H 

j" J uX jtfl ^ jj£. ^ ytv'i Laj JjSll ^Aa£J 4 t\ > Jj A.~tH 4->-ajJl (jA I J±& 

«% 

0* ^ # 

^ JjLa »»»11 jIIjlLI S> J)it a^.11 ^ *■ J-&J tgta j^a ill ^amj iJliLo 

i^LaiA <> JjS^c ^X ljj5 4a J J ifl ^ Er v J -LSi i*Ull 

<jl (JJ J J ^LU ^-1 ( 5 I 6 j J ^1 Ji yLaiaJl c 3 jI^aa-uj^II J-fUl^oaj ^^LaJl 

«•» * ^ 

iaaLxtaJl qIaIajJI J-C- a.j51 (^a^XJ <0^1? .(j^Llo^ll Jx J_aa 

’ M 

J^.A.-i <v L ‘“ JI cl ^l J* -tvSi J^V. J Ji l*ia J\ gtLaJ 'i Jii\ 






I till j Jx. ^llo ciLJIj <4 xSLLx1q oLJaC. 1 viq\*\ jJlc, Lu^ul 

.4ju^a jlj£-l 4 j^Lj JxoLa. 'i! IjJLC. jSkjl • 

jljc^lj ... 5 j 4 j 3 j 2^ 1^ 0 (JlLo ^j»x xlaJI JSxi\ l\ A> JJjJL JjaiSI 

«* 

p l>=*i Laa -gJi • •• 5 2 j 4 2 j 3 2 j 2 2 j 1 2 j 0 2 Jlo i*j>U 

1 Vv I ijuxjcll JjinJl jlc, La Jjfc Jl d \ >r dliinjll 3 jl4 

l3| Lo £ ji-udL IjjLl .<_jLlOaJLa SA.*s\Q\ Lo 

j fl u\ 1 J ijjLtuil j! (Jja^i jljc.^1 oLjlaja J£ Jl jJoaj^ 4ju ja 

•<jl Jou^'^Lj cdJJJ .0 jjjlJI Ijjft) jaJLuju, 

0 - 0 2 + 0 2 + 0 2 

4-lJllil I I JjAXA .4 l%JjjA jljpl o Jj»_» 0 II ^jl dJj ^..V» »J 

•% 

iiLo)) iLuaJ.1 j>JI J£ ,.0!^,i ,1 JdxJI £* l fl ..,a. iJjUil jjii yl j 

<LaJajj .1 4j^Loia jl ^j-a J®’ L$3 Lau ja (jj^3 ^^jJI jljp'ill • iaa 

«% 

p 

: (^jLj LoXfi ^-U3^A Jfjfc Ia^ — J^-lj^JI L^Ia 1*^1 Lo 

1 - 0 2 + O 2 + l 2 

^ ^- >11 Jx. 4 -LaII 4Jaxu^JI 6J^j jaIuu <> t.Ls^i ...\ J 

iiLio^l 4_aj^io 4_il ^ 4jl .,1 aA 1 <7 J JjtJI Jl Jx<^\ (T-T) JjJaJI 

(J 7 jjaJI Jl JjuajlU CajI^ <LIj *Lsla 2 2 j l 2 ^ 0 2 jlac^l 

jA 7 JJ-*JI < JllJLj .C/jLala^l J£ £>Ul1 ( Y-V) <4j 1^ \Jt 

p 

.4jlj ja j! J£. l 4 j^Lj ^^aoa ( j £ ' gj^ ^ j^.i iijLa^ll 

(j I CjlLus^ 4xjLcuaJI 4aJajlJI ^/Jq ^ x^jLuJI (JllxJLt ^ 

: 4x1 111 I 4JLxiil jjxo , I jJLc. "wl 4 \ xx a oLaLui^ 

• 4_*_J^jA j) J£. l 4_3LA^I V4A> jJxxaL^. ^^L*jUJ I JXC- jl • 

gtjl oLxxxaLi^J! |JLc ^Ul I J Jjl3 6 jr\^ ,.4M 4-»^Jaj t * 1 1 \ A 

fr p P g, p 

jl^cl 4 _slj^I ^ a< 41c. jtjxaIJI j^c ^1 jl cjxil ^111 Lagrange 



<J iLaJlj f-Uj — - > a1 I 


v-r 


0 = o 2 + o 2 + o 2 

O 2 

0 > oLajj-o 

0 

1 = 0 2 + 0 2 + l 2 

l 2 j o 2 

1 > jIjcSII oLajj-o 

1 

2 = 0 2 + l 2 + l 2 

1 2 J o 2 

I^yk 2 > jla^l olxjj-a 

2 

3 = l 2 + l 2 + l 2 

I 2 j 0 2 

:^jt> 3 > jlacSll Cilxj^o 

3 

4 = 0 2 + 0 2 + 2 2 

2 2 j 1 2 j O 2 

4 > jljuC-^l CjLajj-q 

4 

5 = O 2 + l 2 + 2 2 

2 2 j 1 2 j 0 2 

5 > oLxjj-o 

5 V>?* 

6 = l 2 + l 2 + 2 2 

2 2 j l 2 j O 2 

i^yj* 6 > jlacSll oLajj-o 

6 

7 * 0 2 + 0 2 + 0 2 

2 2 j 1 2 j O 2 

:<yj> 7 > olu>9 

•» 

7 

7 * 0 2 + 0 2 + l 2 




7 * 0 2 + 0 2 + 2 2 




7 * 0 2 + l 2 + l 2 




7 * O 2 + l 2 + 2 2 




7 * 0 2 + 2 2 + 2 2 




7 * l 2 + l 2 + l 2 




7 * l 2 + l 2 + 2 2 




7 * l 2 + 2 2 + 2 2 




7 * 2 2 + 2 2 + 2 2 





J ^ VSl a cl j^c. jiuxiL) I JAJ& clrv >H <J Ujj-oJ-tuI Ijl <dL!,ll ,4-XJ^-o 

4_>L>J Jj'iLJ U> t j-u 4-Lalxu-U JuoSlil jW^ tl)M 

d » 3 ,M-v U CjLjJLojlJ! jA» i 1 vtj> q 4jI 4 0 tflr*. I1& J-C 

. > 4J J- Ji 

k 4* 

dJU <4_»lill L^lldjl < iA-.wil ^yQ gLjl ijjJoLj £j\ 

U 4 I *■ \A^JI (J {JxJ^II ijijicu cdJ 

d*» JJC J^L=^ c f3^t ' JJC • 


, d >-v i^H 4-»La^l 4*lc.t UxlI * tU’.iM i^t-Lry-i Gi oAxa^JI \\ fl 1^ wa dat^aLi (ji 
|v 1 • *> tiabl Lo Jl J JJtJI ilfc £>■%. ill 3 J a"> ui\ AM 4Jii , \-vl <_ SIj-ujj 

JOC. Jlc Lodlj uLo <_£’ £.A.y Sic- 4^1 


NTV 


(jjJ jtVu aJLxJlj eUjjJ 


:l£lP. J&] ^llo J5ll 4>1\ 

P g* ^ 

(jjJJC ^,.O.Cw (J ~w- ^1 OJTV^ Y Jp£l Lp>^J IjJC ^pjl • 

(■ 

•C&K9' 

jJ La^ac JSlIjl a *^1 Jlc ijL^j 4 jI 4jl>1 «i% II 4 iLaj, 11 6 Jp 

4j.h.iJa juuL <. fi^)JLJ ^jjj J_a. J^2k-a ^jxuJ IjjJb t4j L ^_j L^J 

Ijl Lo j!^^q j)~^ ' ‘J- 3 *! <— *^ll 4-j^jt-uoJ I ^JL» 4jl^ .Goldbach 

^<lLajLxjq^ d v >t xiL^. -A tl A g. o^i lip 4 dii jJ .^1 ^1 Ia * jua ljufc 

yi*. ujl 4umij c5^b Wj» 1 - 3 :a r - ^ 

SjL^ L$J Ja ^ ■>! <Gl 

=^1 Jl>Ji u^jcj .Jill, 

( ^Lo I JiLli) 4 jjLola. 4_l<q j j l^.rv CjlxubLsjJ! g-l^ic. ^JjaJIxoj Jjfc * 

S 4jL^_j L^J ■ * J d\\9 a 4_u Lturfc. CjIaLojC. cJLlP jjl I ^.XAfljJ 

4j <_£jl <4 ^dIj (j ^p^AXA^J) guol^j ^jjc> Lo ,Jp <^lio 

p p p ** % 

SoLauij-o 4 jcjjI P ^jLxu JJC ^1 4 j3w.Cu.J ^J-ua^lJI 4 jL^aJI (3 

«• •* ** 

P 

**1 tin ^ *4 * jl 1 4.4/10 \ gol ^2^ ^cJuuaj ^jl (Jl 4 ja.La. 3 O xui dll| 

O ml ^331 Ia'v^I Lvq a *-y ' Lijlc mu 

w» 

illxuuaj inflfi p" fi ^ I < 4 \ y P \jjj cAAfllio JjusL \\\ » oi 

3^ i^liLuJI 4 to It t JIJ^JI Cj jy£- 3 OJuluJI ^£b dJjj 

all JjuajaJI < 1 1 q \ I IjjlILJ)) jtojuJI ^ 1 a . j 

s. i 

3-i_fi 3-° Lkti^pj 4JLiAda 4-ii (Jp ^ JajlluII 2 JJ ^ ail ol 

C tJlt d d\tiA 4-ul <n% Cj L ilac 3 LlP 3 ^ ^jJl « n l 4laaJt» 3 J ~^ ^ v ' 

«• 

jJjoa 3 iciafi ^L1 a- 1 tLu.fi Ij (jLlil LlilLSl ^ajuaj . 4jL^_j L^J 

.1 <Luajj -%. 11 4jG ^1 *i*i fi^l I (Jl di (J-ua*^ 4_iC^pJI 6JP 

p p 

<a iA>lll ^ya in iaiii ^ J.fl.1 ^LLa. 1 ^llLfl tdUj 1 LS^ 

' ^ ** «* 

JJC JLc ,.\ c^x'x ^pJI 4 ajI <»% II C>ULaI1 ^j£. i!ii J .a. 1 I ^1 Jlc £j\ * ~\\ j 



j i-*J ! ^ pL >3 j q i i 


Ji\ cilJb ‘( n ) 


.71 jljjC.1 oLxj^o iJ-t^La. ^^Lluj *^l laaaala ljj£. • 

4J Ppa *!bL9 tp^l p 4 ^^Luu 71 ijl 4jl 4apaj {ja laulj 

4jl_u±a pla Lajufij <4_ilp 4 J C.i-x \ u->l Jfl.fl 3 Lxjlu 71 <LIL*» 3 La I . 4al_$a 
*% •* 

: <SJ> *> 


f 4 \ \[ jii-v. 


.71 4aja*jj jljtl ».ajv ^jLuj lajpi I jac j^jl • 


tJ^LWI { Jx. UjutLoi p ^al I A^Q iTL JJuJI 4 a iq <Ljluia. 

Lq-lA ^ . OalS» I nfl n 71 1 <AJ.fl 4a I Ja£. 4aaLtujaJI <JLtu.ll t" ^ 

«* 

:4ju^!I <J LujlI 1 v^'> d viij l v^ 

p p p ^ 

.71 4aJp jitalC-l Jx^sL^. ^Lua ^ Y p° Ua.jj ljj£. j£jl • 

JaC 4aal <n~v II 4 v U X 1 1 £>j-4> iwiflpJ plfl tdx i-v j>laj^ Cul^ Ijj 

ipoxJI Cul^ 71 jlj LoJS U 4-fljjJajj t(lj 0 t— flNlA. >) Lo$a> 71 p 

4-lLqjlII p laJjLfl Lg-La p laa 6 j\j& ioaJS 71 I <jl aflacl t^ilpl (j .(J^oul 

.((4_>Llj ^Lj)> 4 t x\ ,.t-v 11 

•* ^ % M» 

^ p 

Jl f\\ 1*1 4aji.AU ^.11 Ctlj.Ua.il 6 Jl& p IjiA lac ^ juo (3 ^11 

p 

S 11 4pL*-LI 3 pi tA-filpI J Jjjfcj .71 ^..AjjJk.ll JJjlII JlC 

«% ^ « 

^ p ^ p 

iflala (jAJUo op-tula Ijjfc plfila! opAU ^ * <J J 4j>Jlaua ^-tula 
,4aC Ma.i.fl >. Atiaa o p-txila 4~\~y I Lata a JaJLml 3 ^jjj ^jj£J i?ujjj 
^^L iaj Jjl pjju 4ali <4auualapl CjL^JLjlLI ( xas JalauJI Jaaa I j|j 

4a I J-C. jjoSlI 4 ajjjJI ^1 tP^oJI d q t q II 6JA 

I M ^ «* * 

. Jr^fl 3 4^a^a tljjk. 6Jfl X a CtauaJ 4a>JLxJ,l 6 

«» 

•» ^ ^ 

4a_tul_tul 6jj4AJ Jaj t71 JJjcJI pill t4aaU*i^ II oia-UxJI ^jl 

Lpa <Jl^ p j) 1 ix\^ll ^taljp 4aaLS laaSLoa^ <p ^aa^a^ll £tapj 

P JJ-sJIa J Jjiaaj jJ£\\aK II jL^-a. (^JJU u^ Aj ,p plilj <JJju 

aU^Jj *6^1 i.^.t 71 J J£- JLc. pth 4aaLtuawJI CjUUjlII ^ a * * I pu»a 4^ pj 0 



1>V> a (j-a Jfl * U p-Li^^-fi 


P 

oUIajJI ^ 9 1 g^Q 1 jyj 4-cjL5 2 -A>\ 1 J*\ ft j) .j^-ojJJ 4iL>.'^ p JJjlII 

:^jL Lol£ — ^ja*^!1 ^Jj ljLa*lj iYl JJjlII ^JlC (jg^yySi ^aJI t<LuLuiaJt 


Coin), C\ (n), C 2 (n), C 3 (n), . . . , C p (n), . . . . 


Lulj Cp(?l) 4 V\..cill iuLiiaJI CjUUjJ! (J£j 4-ajLi OJA 3,1 jrLflj <_fl^_cu 

i^LkA-t <6 jib gLol^j ojj J\J ilbufi 4 I.ujjj jLvjI ^ '»*» 

5 

IjLolLl C p (n) 6^1 *v ^ ^ i pth guaLjJI Jlc 'JIj p jjj»Jt 

.tl ^jlaaLJI JJjlII JlP (JjjJa-ft pth 
«* ^" r 

U^J LT 0 -^ J* U* U^> U^>*AJ 

t4jjL^j JJ plj^^l 1 jft Jjuaj La JaCj i (rij p) jIjcSII (>a d-^ .Aj^ 

-4 a j\£. Cp(n) 4 i A /it^v H 4 vIa a H ^L ^tA^-ua j\ “«Q** « Ljj^-* 4 jli 
( jiuu jJLxft ( 3 ^ 3 ^ JJ 4jI ^JJLOJ <A pl^Jfc.^1 J-^AJ 3)1 Lftjlj l 
A(p,n) 4 j.La.xJ I 3 x 3 ^ cJ < 4 ^gTJJ jlc Cp(n) <LuLuiaJI cjLIgjlII 

p ^ p p p ^ p 

(^1 Jl > ^9 Jj* Lhti <_n auj , \ ^ A 3)1 J^j>1 3) (j ijl 1 .Liu I 4a^3o-o jlc 

Cp(?i) 4 a L cutli Cx>l^ *4 a£ojjq A(p,?l) 4 jJLoxJI Cul^ Ijl 3)^43 fP-Uo^l 

^piuJt 3 )-° oLu-aLjJI pLqJc 3,1 ( 3 ^ 3,1 Jjl a llfl .jj^lllL 4 a^-LLq jlc 

\ 03 x ■^~ > 3 ) 3o ; 1 4 I ^ jlc A 4 t %l mi^, 11 oIpIjj^I (jAjlaJ 1 Q t L> 3 ) s 9-L.a > 

.(ni 4Lft.^k.l I ^ 3 ^ 3 >- a Lo^L^a L-uaLj 

OjSDlxj ^ fl A 4 jj^Lq iijJLXi LlLOa. LuO-il c _y2> ijrt_flj rj 

(Jlc (JaIaiu A 3,1 (JxaJlj 3,1 J^L-^A La^ .^aLuj f-l^^l 4 j! 

iuLo^ll cj l xLq-xJI 3)1 j^uiu 3 ^ ^viuJI 3^0 oL-loLjJ 1 pLoLl! i^LlI 

gi^L^j jLjA.^ p cij^JI J1 >LlJL A p1j^)!I I^j *pL5L ^ 

^ •* 

(J^jJajuio (^«lll JJ-xJI jLlI^I jLaC^I (j 7t JJjlII ^,. 4^9 3>43 <jJ 3 ua^II 

(j! (jlfc* idJj (jla ^SjLgj A ^LuaJI ^1 i Jjj-La. .P 4alc 

:4jLi jU jJj 3 - 4 % if) L^J .^t /.. A Cp(n) 4jjLuj>J1 4 ,i Lftjt.1 1 

(\) .4JL4A Cpin) 3,K .4jUA A(n,n) pI^^U 3,1^ IjI 

>r* 





JljLa. 111 4 % \ fl , 0 4j(UjJa (3 (3^5 < 1 Q * lAj 6 jjjs ^ 

« *• 

.iiLgj I 4 J Q *ml 4 jljLujl^JI oL-LaJcJI jAju ^)L» Lg-ii 
*p^JuJI (j-ouxj Ui^£ j) Jaj ±& *p = ?l l,Vl* '•v lijl ^jojrLal 1 

< Cantor ^mL j* ^ <"> tl d \*C 1 

1 4^ I ^~Ll I 4%jnl l (jl J * <a j «4-al a m l (3 bLr>. (Jj\ »A>^j 

to ** to * to 

.C„(n) cl>?^U SjI^ "i <Oli .ijlfli A(n,n) el^a.'iU j,l£ '^1 

oj ^ JtllLj iiaii da.1^ jjx Jx A(n,n) el^a^l J a! XI ., J 31 <j£J 
CjLxIaaJI 1 4-djLfiJI 6*1 a tCp(?l) j) \\a < \ 11 Qjjfi - J (j^ 

f- J 

jj jjw-iN ] I ^olj_>j (jl (jX/Lflj lie j .Tl da.lj a Jx 4 5 «Ut I 3 . . 1 ,.,-v I I 

Jjl ia>Ij A(n, n) 1 JjLall 

A(n,n) = Cfc(n) 

:jt d^j *n = fc liixa. Ijl <J3l 

A(k,k) = Ck(k) 

:jfi\ gtlil^l Jl .iiuLJI (\) ^ SjUjlII Jl _>kii ,dJj 

. 4 jL^j C k (k) el^a.'iLI (jxijJ 4iU <5jlgj A(k,k) ^Ij^iLl Ijl 

y 4iU .i»l«j C k (k) _l Ijl ,dJj] «Cfc(fc) <Lcuili A(k, k) 

LiA <^-ual^ fl 1 — » i o jjoI Ijxj .3jlgj NL> 4jl dJjj 4juL^jJ JxxJjj 

m to 

— 4^L^-» L^J Q-uj-aJ 4_i-oLaJI 4 _laLui^J1 4_lLs_*JI — vJLajj^I 3 ^ .> 
Cfc(fc) J jl a* ^ jj! <4 *1^)11 4^ J L£ 
^L» Ckik) 3 I ((eJ^Aj)) ^ 4jlJ 4_iic pLjj La A A < 35 !! 

g. iL^ ii» j 13 a ^Lajl-JI 3 IJ tdJjJ 





^g\ ‘4 4 (j '* ^L 4joJUo 4jgLtarv CaIaI ^ C. CxaI^ ijl La Jji J-v’ij 4_x>^"bLll 4_i_ubLi^Jl 
•+ 

£. p 

4_^Jl_*-o dlij .111 J«JI 45-ilaJ ^Lail £a-aj 3* 

&j^-1 J-qIAII jrGLxll (j^j-q e> j^Lij 3^ lliLd>jl 31 S& 

S (3 3 ^ * v ^ 3 I 3 3* a *j 

jAa> 3j L$Al <3! j-J^l-aij ^pJI ijjLui^Jt oUlo-xJI ^ > 

3 j J j_» 4 jI 3 Ja* 3 ,J-o^ll I Jl&J A ui -fl l xaU ItiA *3^"*''^ 

<Jl5 Lo 6< 5 ’I^S ^ (g II (j-o 4ji j^jJU . 4 J ^t-ualjJI ^pLiJI 4jl^j 

: (Nu£ <sh J3» 4^b ^ 


I? ** ifl 


4 * 


3^> ^ 

<lULc Ioa uJ& i>\ bajl 

iJL 3 6 ja^ tf ill Jtfll aISj tf j* 6 * iLa ^ U^J 

•* «* 

((.l,LkA.ll J ^ki£. 


4-^JLsuu 4^-^JuJi olaJlxil 3^ 3 J^Aaj gfcJjj3 SjAfl CajI^ tljAfcj 

Sj^jJ CjUubLi^ll pUI*- J S ~£-* £* 3 *l>“ o' (J^-°f 

p 

iwjjljAJI olpl^l iauua cAaSI ilia. J i^uLul 4- 1^ 

lilUJI l j_& 33 .iA-ublAjJI 3 ^ 1 0 ^1 1 Jal 3 * 1 &-I Lfl^-la 3 ^ 1 ciaj ^pJI 

m ^ ** ** ^ ** •* 


tiuLaaJI oijUxJI J^a. jA lJ ^Lai^l 3 ^“* l-AlA^L> 3_9^f 

3 I /rjlilcl 3j .CjIjLulJI 3 ^ I JaSLo JAiSu L P“1I <ni J^a* J^° 

p 

3<1 (pi ^ jaAtuj 3l xuj ^l u 3 ^ 3^ 

lilj .iojiaj 3 ii 3 <4lLlA Cul^ CaL^jjI^AJI 6 JA 

p p 

l^U. -I a ~^ j jlilc'ill (jioj ^ ftjA ^>^1 o' C 5 J 1 

4-LI i.i.ii (jS-1 J^- 4, jil 4-iij^J Lift e> y» »- « Lj-uJ Ijj! I_. it ‘ “. I 

p 

2^ji5 t-iS^a J • 1 4 a 4A*J i=JL^ frAf u 1 *>41 o^i 

gjjjj uM ^ lL ^ J 1 = i ‘r^= JI (> 

.iuilxJI CjLajjJI (Jx.1 Jlaa 3 I 3^ 3^ 

w * ^ ^ ** 



J — l*S\j pLjJ) \ a 1 1 


1 0 »lr> 4ll ^ J,-y>^ — 4JL5 La jj! jJsLu Lj^CJ 

p *, *9 

u* £-°J .Sj^ 4j^jJ Ji 4^1 LaxA Lla^a J-\34> <j£i H ‘u^^' 

4x1>jIjlLo £jlxi Jl jiLfi <l.fl <i>,Q j <La^aJI Lo^oLol Cud £*lj^i 

£ *** P ^ ^ 

^1 LfiLSh. dfllxj (_jl £uo 4 jLa <dll £_o^ .4 jlu>Lu>I 4,Q juaj 

oj 4jli a iq (J \ j 4-ul, at'v 4 jlLa£- Jl 4 K im n a t ^oLjjJI 

' «* 

4_jH Lo ^_>Li ItuAj ibj\J& $ jjjufo.* 4_JUl^JI &1 a jl * \ \ <ol 6 ^^JlAuu 

: J^ 

l^o Jl3-» 4lli «(jSll CuS LI LajJoj t j_3k.Sll ^UJI jLc» 
oLifft (Llu^^I Qfl <Vdl) 4JI dltlA ^jl (JdL-x.1 I 

"4 K1 i^aLijJI ( jxi jl^JJ 4lsd_o ^Il^JI (3 <d$dj cjIj 

oLxubji ^gal L^ll oLlI ^ Id (did Lgll oLul £ \ W\ uC\ 

«.4->aL 11I jljc^l 4 j vIqIa 4wL£^Ll L>S a 4 -y tA iS> 

m * 0% 

^IiLLI a I jdl ^1 (j <(^_£I_Kxo 1 ts^ft X"v ^_> 4jl d (Jj^^ d>!Li\ CxHd 
itjUl jt) ijdluUI icjil] gj Jjj-Ja ^?- iULJ. 

^ p 

li&J A ry. v"y-.t/-> plj^xl l)^a*ld L uU JJ3 oLluoIjjJI C-Lolc ^j) ^jJJLAJ 

«4i^All» ^Llil .JuLA-ua 4ll d^-a Jdlu dj-*l 1>I jdalxuj ^1 

^Ul ((4 -y i/^ll)) ^ SJg\o IK. tv il^loj J ^ die I (_^HI 




3J 


jl (jc QjISjLuJI ^klll (>a (^1 ^ <cS ^LAll ^Ij (jj 

•% •» •• «« ** 


4J^flIi LclA .JlqaJI 11 a ^jC. ll.ljLry.1 Ij^aUI 4l1 l5.a 4A»jJcs 

(111 Ja=JI ij-oJj'jA. A_>a.l <J\ J ±*.j Ijl 4jl gLijjj-Jjja. 

+ * * * 

Ji ^ ‘4^ 4 - ^> i JL^JI J cd>*l 1)1 j-iK: Lull 1)1| (^OAjuO 

LoJjJ ^ui2yju2> 4ll 4_fi JhJLXS l^ftj ^ Ixo jj I pIj^. 1 ^Jjxlxul Lll I 

(jJal^JI Jj .Sjl^ll 6 1 a jjjKj jJo! Ixuj ' ** A -V . d JSLoj^JI ^JJO ijr^jua 

.Shadows of the Mind j .U^x. I'ry£$ .CiLtj^^LI oIa jX> 

«« 

.(joJtxflj j^Ij -USa ^JdLtuj j*oj ^ jjaltul IjI JjjI ^! llA ^yldJ 


\rx 



oUI>adi J i fl n JLC 4juaLa» S^JlS 4aI Cut^ Lo ! j jLi :V ~ X (J £-*L 
C/^=* 3 Sjp-Q pLajiLlI LlsSLu/^j jrVAJtJ 4-jjuoLljJI 

.dJ JJU CoL£ ^ftiJl JjC. <LoUJI 6 jjilll <jl 

J-i 'il i ^->iuJI 4-lfa* (3 ^ 4-x^ jrLfli. I 6JX CjLou l a \K 

5JLa. j jl jLl^ll <j-o — jJjj Lo Jx — C<>Vt jS uli 

« 

^rfO. vfl >u.n I <jJ txJjljJl (3 - Ut i^Vsll pI^jlU 4-co jJJ 4 _ijjJI <jua <3*^1 oLxu^l 

J^ a* 4_la l iu a i 4-a^uO ijLo ^ViS.1 i J xuaiullj j-o'-ll IdA wjJaJiJI j, 

«% ** 

.(3 3->Laj * »LH^ ( j^o Lq^^ajlojI 

I JX (3,3 <(V — X ^jljjJoJI jl i*tOJl x_o jj^ll Sjju^JI (J-oIajj 

Lfi-Ja ^j'bLo j\£. £-loj 3 3^3 (^-oL>^JI fJLxll (jl jtAJaxaij JS, mJl 

tS^ <SS> ^ ^Jaj <4^jJ 

<— uLaJI 3 4->oLoxl pLli! (jLi *(Jjliil 3 .4 _l1x ^jAl .Afl W 1 . iaLLi ^ (jx> j 0 \ n 

(j^Laiil qj Jjluu j Cj^olll Jui ^jjUaj-OJ Sj^uaJI <jjo >^Sll 

■^ >t "« * 1 1 ^ 1 t|* 0 11 ^Jx cl t z?.Ml At A A 3 A " f ~‘ * <£Jjl^JI 3 *4-fl^L=w^ (jxfapt a>j>l 

<LJ ^CLkl Iaa-lu all 4 -iX^j Cul^ Lojj *dilj-ij . £j Ixub L Li 4 -LLxjlo 

.<JJ <j£s CjLlloLjjJI £>o (J-oLsoJIj 4-ualaJI olxojjl^^Jl 

3^ ‘^j-xtllajua^ll pl^jJJ 4-xu^jji.l 4aAJ.ll x-o Sj^j-aJl (J^Ixaj 

** 

p -vJ 

cl^jjl p| ^ ^y. 5 j k i/^a d^sl ^ ^ Shadows of the Mind <^L£ 

4-aJLxllj .(A— V (Jl^-ai) 3^11 (jLau)ll X-o (jxLfllaJJ ^3-i Qa ^ aj-L 1 3 ^X-l\i^>^^ll 

1 




J— hjJ I 



Albert Imperator j^i.jy.1 c. jj! :A-V JS_i 

j* 

<j 42 ±&\jjlaa 4jjuJLI cybersystem p>Uai 

Jjill 4 Liill ,:u^ ^Shadows of the Mind 

jAf^J ‘CaJta-a ^.IjaIau^I jll pljlLV^I 

fir 

oKjJI pIjAa. JaI >UrvJI \ a .A* > 6 Jj J-^JI Cj 1 aJ Latll 6JA 

.4j ^UJI jSlI ^jLuu^llj 

«% 

ilxl^ <L Iajj Sjajl^ iL^ v l3UI j i^j^l iLKJI 

4raJL*-L <2)1 j^Ulj jjJ^JIj . l\a> ^Loua.1 LfcJ j-uj 6jj 

6.1a (J^ L A - * 1^ ^ ch° ^S\ll j jl glj^j—Jj^a. 

4*° J fl 1, 1 6JJiA rv .il oLJL*Ii 6JA ^ A 1 ~y- jl^ < 41 a till t .LLdJI 

pI^UI Ja.j ^ jlj ^Ul ^UiJI <j Shadows of the Mind ^ll£ j 

« * ♦ «* 

.<j (j-allJI jSlI Lik^ ! 

«% 

( J) ^ 1 ■ * J rv j La-C- (J^LuuJi 6^0 JaI (l^£.J 

4ll Jjj^v 4j L i*m jj Laj) <jljc^l ^jjC. 41jjLjq c-LxjjjLi J J j^-v. 4^vJI_jlxs 






£-0,3 * ^-J-SUJ-laJ I jl j£^(l <<'"1 ~V jJJXU ^LjJ^-LxiU 4 t tl 111-v 11 . V Cl l^p Q II p 1 lA t 

‘-ijxi J-fi-Io (jg\ ^)Li i 4.j.a.^Jr> 1 1 jljc.^11 J>, oajJ d_u L«u-cw 4JL^ia 43^.3 A£ 
jljc^ll (JLflia^U ^ji ^b 4 _La£ Liil£ (j-vaaj Lo .jljc*^l OS£b 

p 

ij)\ jlxj 3 <(^— V) ( J*\ « 7il l (3 3^ Lo^ ipljuuj^Ll 4xlLkll 

4_xa JLfl-ll SjJaJU dl*UMI d * ^ U II jljc^ll Q ^ l^oi^Luu 

3^ dJ_ x -CL> LoJ) *4 jjLuiaJI jLcl^flJl ^ya d-C.3_.a3_0 jJLflJo^LI p- * Q j *^J 1 \ \ I 

^JU jiUl 6 i J^s! Jjj .i AJt \ ilrtll jl djukLa « a y U* JLfl-WI 

£-Slj L§3 .oL^L^il fJLxJI £a ((Jqj^I)) ^jxi £?>-*-& ^ 3^ 4_ol_S| 

<3*- Od*AaJI (3 ^J>jLni\ I j_4> ^uLjJI (jA * s Sx^. \ ^ tj-o^II 

£-0 (_j^a 1 , x\ 1 1 4i_> 3UJ 6 J J^i\ ■ ' r J)~ ' <|V ^1 l ulfc 4 jI J 3 '^izi 

+ p iM 

£- u ^J- A 3 «3LlA)) JjtflJL dija.il LJI J33J <Lo JI3 >6i^j Lo 

(J-C IaSj A fl . fl 4^ (JLuaj^ll m > 1 ^JLaJI (3 Lo 

2*J-u2uJ Sj^-aJ 4J0I ||> n A |j|j .pLuju^L l 

«% 

4 -xxxL 1 j! a" j^aJI OlouJ .SjjiLtl dilj LujJ 

•* 44 

^ ^ oi *■— ■ ’ J ^ l)A 3^ d v a i t_U.ll j|j£.^l 

JLz^j^I) JLx jLxa. JliLo 4aJUoJaJI 

44 

3 P P p 

Jdj ^ ^ g a II ^)l t J-^<.u I 4 juo^qjlj t<J^jl Lo (2>i^ Pi^iLl wiJ 

^£■^11 (J-£- J-5-0 3^- i < LqLqj t a p^uij d \*C 1 t LjjI_xll>. I *j * 

44 M ** 

^1 3 J Iaaj <CLul ciil f£-y* Lo 3I tLvin^)) Jjij j5 .pLa-^L 

AtAiLi ^ dj^J tl^Ltapa. (jxjjJ A^JI 

' 44 

p 

a 1 1 Jj )fl * t l J^L ^JXL& (J <dLJj J-0 «.^£^JJ 

4 "4j i < ^> 3^ JjU.1 Lo dll ^ ^ fill ^^24^1 ^ a 1 1 

(jAidJ p^I> ^0 a l l ol Ji-uJI 3 J'bLa. ^ya 

6*1^ t^LaJI ^0 fill 4 a <nll 6dA ^LwAd^ll JJ3 <CjLu^L»jJI jJx Ij^o^iLo 

4iLia^L A.iA)I dJJj^ Jjlj ^ jjl 4 * t l ^ .1 •‘■v. /.1 tl I <A >1 4-o-aJI 

^Luj^II ^^(3 ^Luu^ll ja^-flJI Cjyj S-unli 11=4 ^_*^l ^ i 111 Lo ^1 

^Uu)!l ^^3!) 4 xaLo 'il ClJLfi /-jjl ^o tdlljJ .<Lolc 4 q ^ t 
" “ «• » ^ ** 
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J Jail 1 ^aNi ml (Jills (g\ £-iJa3-au JSLiIi 

.4,lat,A/tijJl 4jjyo^l £ja JbiLfl J j^kvci JJC. J*iLA ^_ya ^juuJoJI 


.4jJI \\\ <7t JS^!I Jx ji *4 a1c *^HLo jju ^iLttu^ll ^ frill ^1 J jjxii 

^ ^ P 

ji U llfcj ^jllj ^Laj^l ^jJI C£i uUai! J>lj 

•* ** «ft W 

£, ^ 

o'-*") 1 ' ,jl J Jiu ,d!jj .^j^ollll jo £-o ^^Aflliljl 3 1 n m 3 $^ 
JjlAaI Lo-fri dLu till £-o^ iolil^jL^Jl j-j^j^ll 3 ° j->jjl11 d * ** * 

J-°J ^(3 °11 J-o Lc^ Lfr.ixi J£ (£jl ioLil^i-aJL 4ijULo pIjJu^L! 

*15^' o* 

«k 

4 0 </■> — ^X^JI i_ulj^ qS\x\ 3 ^Jjuliill 4 AA a 11 ^jx £■ J\Aj id Jr_ pLlj^ 

. 4. 1a^ a (3 ^jX^frU 4.A./.U \ 1 Jj ^ Lfrj 1 — Lj^I 1 A-fr flJ 1 3 ^ ljA lA 

. Luhjl Ijdk ^jrLfll 1 * Ulj 

Lfric Ijrd^ C^UKl jil S ^jai LlC.11 4jLUJI aJju 4iic) ^jll Lo t^SlI 

* «* 

Lo .6j-uai! Lo >• jr\x. p^jIj Jx 'JLLo Ajil ^1 * y * 

4i| t«4_xoj It l ^j Jx (jj^» Lo Jx JLua 4.o-> ji3 Jx cLoi^l 

3*A-fll 4^uu 3 jrj^-flall ilrvt *4i > ^ Lajjx 3>^L»jAill 4,1a i \ (_£jll ^(^»ll 

** — *• 
f. gJ ^ P 

4jl Jx Lj^aUs ^fr-flj ^1 4il 4xojll ^J^jQ_i ^js£k |»-fr-» Lo 3| .4juJa_fij 

i^^Jl 3° ^Aa-o oLo-oj JLJLfl ^iCxj Lojj 4j[ 11 ^2^% ^J^qj 





















* * 


Jj infill .JLjlaJI 3j£JJ ^j^-ai 4il Jx 4->Ja^J (J-aL*j ^1 ^ \ » J ^1 diij 3^ 

.4 v>«fl 4lafl \ ^^juhjp ( J^I 3-° ^45 4j| dLlj 3"° 

0, 1, 2, 3,4, . . . j-c- J^aj jJaila 3*j <Lu <^j^all! IdA 3 

p p 

3-a 4tjAAda 3 -0 3^0 4 jX 4-1 L*. u-flJlj3j 

t v S 1 jj-y 11 die. jO< n 1 (| i/*kX \ 5JjLalil CjLljjII 3 -0 Jdc. ^LaoJI 3-'° 

J ^jloJlII Lq .polyomino ^ix-ajJ 4Xj^a.a . a ^~u*Lt lJjAj lauuil 6dA^ 

< 1 4llcft I jAa ^i ^ N N — V ) J££j I ^_iJa < 1\ S jufl jj 1 ic^a^-aj 
jJ^ia Jx. L*«a l-fl-* ixia. ^id.al (^^jJI (3 c!>Lju^1I 3 ^ ^^jJLj ^jdaJlj 

iJU *■ a jjj JjA 4-Ladll £ j^-aj 3 .L> iji m * IaJqou v LlJpjJ 4,fl,|ja 11 t fll^aJl 

p P 

< j)\ v a j 1 3 -0 g^JjJa^ JjIa.I uaflia a 4^^ 1 4 j| die. 

d a 1 1 S J ijdaJJ plx^-a-aJJ yaj 4-Lal5* 4-ajli OJj^l (N '—V) tJS-uJI 3j 

p p 

: ,>A J5ll Jlj-^JIj 5o,Si,52, ■ ■ ■ J-C- 3^j1 

*% 

<j^l <3 ^ uj^-H ^ o L^ x a Luj jl ^ 

plxj-aa. A £-a Lajju j-axau ^ < (So? 5*0) ^jxojI a> 

Jx SdcLflJI 6dA dajju .4\ i a a 4jLxfl J SjuC-LflJ Lfl_da ^jojoj! J^-d! 

p C- 

d t U. 4* 1 6JJ"k a j)i„va^ 1 4 Xj n^v a ^Idiklxol ^ ^J-alaJ.1 3-'° (J^ ^1 

p 

J-A JI^-uJI .^juuo^I 4JaLuUkj 4lal£*j ^^juxall 

p 

^_a t />-s a t • l^fl 11 jl qI^a. a J^jdj 4j^ ^^_Lxuli 4_JaJu t a s 

L ybjrvi! <^S!i S la.fl.i Sj Ja.ll d_c. ja-vaII j>najl J^jJI jlafl ^IdaJLmlj jna i 

^ C) -0 4 li Xa 4laaJ j\c. 4 _lajJ 1 ^J^a-» ^3 4Jl^- ^j! 

IajI 3 (Jj-alj IdA ^^Jo3 6 JjC-LSj .{Sq, Sr) ^lC- yA y .-c> 

d -w ~ \ Li Lfl tSq 4xj^o^k 1 ^1 * ^ U>fl t ^ ^ i ini 1 dtU.it 1 \ x lai.xu I Ijl 

(Sq+uSr) Sc^a^il Jl Udxj 

tdJj 3-a *3 >q 3-^ 4jJLJI 4 111 3 3%^^ 4Jl^J 

4_»lc Lj^ 4j-aJ laa*i Jx .(Sn5q+i) ^ys\ii (jl 

4“^ yC a jjlali ^4 a v q - v 11 3 S 4_LxuLm^jl 4l^Lfl La (j^J^ 4-ia Lu i, J l 3 

^ H p p p 

liil dU . ~ ^ , VQ ,yil — 4Xal^ ^ola. 6 j^Joj 3 1 4jJ 3 4xu»Laj^ll 


^rA 



pL»J_aaJI 


s 0 -{}, $!-{□}, s 2 = ( Bi. 5 3 = {g, D }, 

5 4 = {Q. q }, 5’ 5 = {^}, Sf, = IFh . n}. ■ 



!4uJ ■K.a'i J-c. (jjiljS II JjU j\£. :N*— V JLi 

^uLiU JjLDI jJ, <L.jJ| ,^£11 i&h-UI c^LJI 

Jj .d jfln ll 3>^ c>o gljjl L)^ 

>^jJI tijl^l 4X: j) a-^11 4jl£ ^jJI P-lijI 

«* •* 

^g-j^'v a 1 1 4julujJIj ^yjuojJ! j^klS! ‘(S J)"' Mi ll ?Ja-*ull 

« ** » ^ 

iuliJI 4c J<t>a ll SxuuJLj ,^3JI jjljlll j J^l 

ml! ^ 1-null 3j^l 4AiJI ^ Lojic^ .((Odfi^JI 3 

* ^ «» 

>Al j a" ux tj .J^klll jl^ /..I £_* J/JlC. 3 ^ ^ ^11 JjLu Cj J.r^..> 

(So, So), (So, Si), (Si, Si), ( 52 , Si), (S 3 , Si), r^SlI ^lll J-c. 

«% 

(S 4 ,Si), . . . , (S278»S25l), (S251,S279)» (S252 iSs79)» 


4. iSl lC > Lx±fl 4-fldLxo Sj^juaa 3 djl^ d ia*^ 6JC.L5 

^Ji3J C£^i .(jx.LfliJ Jjli jyL 4jU — fJUJI 

Sl^U^o * vWt lit \ _> Lu.lt*. p|>a.l ^ dil Robert Berger ^ 

** sT % ** * ** * 

]±fLa> Jx* jj jaiI ^jLaia. jl jjz pI^^I Ju^.^j ^ 4j^l aJLxJI I Jj5> j^Jcu 

^ 1 

p 

diiaJLJ 3 J?** jj* 4 x^cl^-a 

a^^LJIj cpLill dJjLlll J <3 ikSJI laA jmol. 


qt^ll oLlaJLlJ dH-O^I (jAxj (N\— V) (J^woJIj jji Q hd A 1 »t 

.(-)j (I) CttJliil j < ^Ixojl 3,5^-H CjIc^jO^O a!. tAAxul , 4j jluill 
4 (^) 3 j L£ ^Lol£ L»^ILujlo LaJa^ju d \ U 4" 

4j^ — L&A JjAaj L> ljklaL.i.n 4jJaJi_) ^jtlajixAU ^ 

dil^JLj Jji * * 1 ^** t Lx_a Lh-aa I jl 7 ^ Q J_=w 4JU. 3 ^ 3 








IHiipS 



^ mil ^ Iri < J j}'s±.n ^ I 4fll*i-\fl olf^A^Q ! N \— V j^L-Jii 

^ (.Li-tuic 4 _iLoxJ I 6 JA pI^^-I (>) .^L^^LJI 

^tla-tuJI <4 >U<~ (^) l 3 S k * ^ Jgfl i $\ ^LiiatlxaJ 

.La 


p 

^JajLj idiij SiUdL *(^) ^ j '* fl ^ <3 ^ 3-^ Lc^ t 4 j.<^Lt ^icki^i.ll 
^1 ^jojCLi IAa^ — Uflfl d~w 4 JLi^_1=JLi — ^iauLaJl (j) Jllil 

.6JQ * e\ SjIaxII 6JA Jtjjuaa (jl r>j ^£j-c 



J— 


P p p . 

JlfJLI <3^ < b- to ' 2^°^ J ^ fl t* 

Jx, J^Ji O^JJ <LjIVi J. aj » a tjjal^JI <3 4 ( N V-V) J*\ iTi ll <3 

J< ,7,1 1 Jjc. 1 d^ ,A jll O^IUI olc-jA^kllj .4jjLa-Q 4-iIaJU oLc.^a^-o 

£ 

^jJLxLauj j) t C IjA pl^a^l 4 1 tnij <JL>^3 ^! (3^-1 <4_La 5 ^Lj ^ k> /n I I ^ lr> > * '»i 
(j j-AA-uij LoJoC ^l^jJI JuC i— flJtlana ^o^li ,4-auttj jjSLj (J *^ 

( Cil 3 £jo .LLti dJjJ ^.LiiJI Jg ,J ) (3-a L)^ ^ 

p 

^iJI ^LaJUtil Jl 6 JlA JjLo o Li^ A^v3 (3^ 'd>L» H &3 a p1jd*.l 

«% 

J) ^1 4jl Jill La 1 fl * >Vi (in ^Jli\ j-2* Cjj^ijj) L^oji 

.4_ix>jJI (3^JI Ijjfc SI^Ia-o j-iJaJ-uu 

^UsJI J^iJI j (jiUlU <lW S jjLill (3 jSJI (> IjU 

«* 

^ p p 

(_^l Ja .I^jqJ^JLoU ^iJI 3 J s 5^fi-<0 ^pojLujI ^ 

M M W ** 

Ujj 4jI (3 J^iuil ^£. Jj l^Slj pLaJaUI (3-° 4j>.IVn ml ^U*i u\\ i_j , a m 

t 4j»l j-EHcl / 1\ / ■ i -^- SSj^iLflll pL> 3 *fl H 6JA (3 (___)x»LxiLL) (JjI-5 j\c- *{$** 
,\ o d t S >a^ I I d i a*C II 4-ujL^JI (3l dLSj tljA Ja /m 1 u im 

j\juj I ^ d 1 ^l^fl (_j-o t**.! Lj I^J I (3 Q 1 1 6 J A j « (_^ t - ^ ^- 1 4»1 a Lfl 

p 

Lqa j."v I LqLoj lfl~i xtua (3^3^°*^ 4 j*/?> La. ^A ^UU < ^3dLflJ1 (3^ L^i 
^ .jl ...Ml Jj«.*> j I jiail .4-j.a^JI 4jjjL^JI £-& (J-oL*3JJ j^5il ^jC. 

.jbuSlI iftLj O^LJ ^ ^Ijj Js. ^-iLadu U#i! j Jui. 

M 

4jj^Lj Jjt-^-oj oU^ljJ (J-C. J o~i i ~ i ~ gjfcllil 

.i^ii jUAll 
* 

Geroch-Hartle ^lia^ ^^LuSlI ojAa JjI 

<a ijL5il Jj15 j^L j^lc. Jlc. Juiluiu 4jl du-> (^jil <4xo$JI iujLaJJ 

4 jljj^I ^jj^JI cjIjjjG-c ( 3 l i Markov 1 o ^ l n <4. ^^ u ^jc. j o mj 

(3 j^Llu! ^ .jiijJI (3 ,L^ojL 5 i_a. AJjlQJlU iLU Jil xl d t^jl | 
d 1 1 tl 5 I t p L V < I d t < ^\l A. I I is , \a Jjl t^jl (3^ (3 *4_id fl .ill 4JLaAI 6JA 

p 

4_4sl_xJI d \ t j.iiVll (3o ^uojJI ‘_^ jl ^ ^ plxil 4 ajl joJo QjCl^.a Jj3 (JxiLlLU 

.^Jl K y'A^Laj 





4j*A!iJI I J^jJI 1 4x. 11 6JA ^-la*3 I N V — V (J*^ hi 

, JoiLfl 4»j j J j\£. 6jj) > ^j)3 4 a 1 1 ^Ja-ujJI 


^ JX. J-Xj ^jjl 4-XO^JI 4jjjLxJi £-0 (JjoIjlIj ^jJI ^llll ^jjIuj^I Lot 

David dxaljJ j^.K ^ <4 ( jxl nS 11 4-ihliaJI 

<_xx.il 4_* v ^ a\ d 4 jn \ ^ul juLIJ 4j±>L5J! ^ jx. Ojfl k j .Deutsch 

^LiU 4xLUJI 4lLaJl * ^ cJlLxI 4_uLg3JI 43 j^j^. a wuxxli jJjloI LqJxc ^ 

p p p p 

Cajl^ L$_> I ■_* 1 '«» * ^ujJ a a-^. 43 1 ^ Ijjfc ^jX 4jJLlu jJbjj .^xJI c> 

(3 lVi 4fl "w^ 1 J3 j& 33^ ill ^Lj 4.1i^a.lt 4 ajJX Cxj15> 1 4,3 La Lx. 

4xJLol^.l jl lic^l 3 (j\ *3 \ c>^JLx <3 4 j! 

4xxaj 4 ljji gLflJJLo Ja^lxx L^J ^ye^j ^iS 4 .\\ a! 1 < ^)l^^ll 6J-A i _yf\a. \ ^jl 

, 1:433 j j^woLlI £_c (JaxILloII t4nxtju.il (3 lU^ Lfl-j-fl j . ( \ V— V 

Mr 


J-2-*JU P LJ>— 



3 i^3^ ^33^* 5JL»! 3*3^ o*' : ' J^» 

«* 

P 

.4 iloj 4 -luj 4aJjcq Iaj)lr>^. ».*;*■ ^1 ^^.aj 


gllaJ 6 Jib ^jl . 4 _uLL>. ^jI^J J^LuL 4axixuJI CjIjajLjJI 

(Jj-ouqJI ; j JjljUl jLlL^I 4 JI nt a 3 Lo£ ' JjLcl^U jLixo jj j pIjI Jl 

<jjo^I 4 fljS *w ^3 .Lilxfl ^„Wn. > La JLc lyGlj cIIaj JIjj ^j L^jLfl <^jLjJI 

*% 

jryiu Ji^ll J-P 4ail ^ux.u Jlj^aJI l,lfc <ji 1 (jl (^uJ 

Ijl <4~v i/"JI d vjt^\ll (j ^yj\ *511 4 lili j**£~ 4jLuid Ij Hull cJH& (jl (^1 

■ Ul\flm~l<l L 

j^HJI J Jxcu jJLa .^J Ic^ubj-a jrul Jjj! t^jLuu La J-C Sj^Lc 
> Uujl j IjjJb LujJj^ 33^ *3 ‘ (jLflil^a ^Ln <n ^jjuLxflJJ 4 jJjUL)Ij 4juoIaJI ^jl 
j^jj i 4-i.fl.4iJ.flJ I oLAflUil (3 .S^kJI Sjlj^jl ^ 3 jl ^ 3 ^ J-c- ^^i^JI 3 ^LjlLa 
J,1a.*u J& » SjLlsu i 4 j,<via>. Jl jUcsi <3 S^^JI Sjlj^l LojIj 

P P 

3 j J aj .JuiJI Ijjfc C^J^I *L»-uil < « SI n 1 ^ Lo J'lJ-i- (j-a LllifllLuxa 

J^iU-kuil J Jtv !L> Ja» I Jj-a «l (j “y^lo 4jj_tu*ijl {ja 6 j\a£l jljcl 4jl 

■ l a 1~ ^ <J1 J>_uj ((S^ill 4jL>Lma. 

•» 

LLlAaJI ^j^jl d K xuSlI 4afi^jJI 6 Jj5 > 

0 ^ I LojIj S^jji i3j ia <dJ Jj . I fl *1^ JjJI 4Jj Lsh^a J 

^jJ| < \j ., iH j 4jIjjJI J-ol^£. J'J-i. <jx LllLxil J , (^JjO ^1 Jl 4 _a^q 


ur 



JiaJl p L*3f* 


tiajaJI (3 Jxaxii t J xLxju LoaJj LJlc j£ja (£<UI p t£^ L ^ Lol (J ^ a > 

jjLuui JuS^ .Lu^JoO-UJ ^ LL-^t ^^)t_3h. g-t t "N1 6 JX (J^ ^3^-* L) ^ X } 

i at*v^A tOijJI ,-jo-ou P/<i» Lojj Lo p (^^* ‘^ Li ^3r? 3^ w • l) ! j ? j u ^ l*4X tjJ 

^ * •* * •+ 

olj 4 x> J^[H\ LLAxII « ^ O l3\>^ ^ jUaj ^-jtA £Xa.$ ILx 

oLJ iii 1 1 ^1 Q '■v. Jl LLAi JuOJlJO JLli! JjJ-4jU <6 j fs . o i l 6J^J 4 l . i^2> 


■ <£^jus ^ il IjX ^ p o 1 > * -u^l I 3 -0 ^ . 41 Sim* <(CjIj» JL*-fl) Jx 

- 4 j ^w *sU i 4juAaJJ —— La iii t v — 6 ^iiUll 4 j <Afl 11 LijwiJ ^ji 


laJcLuu ^jl 3 * L>~ /n i ^ 4 "X I <4-ul j^Jt X j-^LxC Jx J. a j »u 4 \ oT\ V ^U jlxxll 
3I ^ ki \ > 4 -Lo <jjjjhji <<i jLLu £jlA. JL^Jl JI3? ^ *1/}-^ 

JaAil Jx J j) ! ^-J I 3 twilit _LSJ <(JU LiU ijLtsJI ^Ofc tuj (jjis 

3 i *Lv" 3 ^Lo_» 4 jI jia.yll o-fl^L!l 3 ^° 3 ^!$ 3 *a"^JJ 4jJjLflJI ^j£. 3 ^ 


oIj jxaui Jx Jx5 3* L$xo*iS oLaJL xA j 4^ juLl l oLxJL*-U 

w» 

£j) |T» gjj^j 4 itr JjlUl ^jJI iAil I JLC Ip fljalxi .4xllA-0 

3^ 4xo^cx dju ^ 3I <oracle machines « 

J-v 3^ Ijl La-ki uaaLu 3^ Li ilc. u^J 4jLi ctjJ .(Jx9 3-0 4xo j5 (^dJI 

r • A 

4a ^j^Jaja ^jJI q^Lm^I 3 3 A *^ Ju0 ^uixflJJ 4xLLflJI ^ JX <> ^ 

6^aJI Sjlj^L j > i 7 i 1 j ' 1 1 (U. XjuoJI Ijbb ^3^ .*-1 ^ a fl I I 

-jJ^I IA*j i5^ 

t ^ \ j U>* n 1 flN I aJLxII ^jA ^-a Jl .^1*^1 ^j£. Lfljl Jkfij 

«* 

J J_u Cj LaKJ I 3-0 pi dJLlifc ?(( Lr AjJa , 4i^ll JLuxa^II)) I jx 4 a j Jr> Lo 3^ 

«% 

f xLJI dlj^lj r l^i , Jlo — ^uLill 4.LU jhA ^Lx Jx 3ol^3 1^1 
plaxil (J jJjj 60 Aj — jJI ... ^Lillj JUaJL 6^-uxJlj 

3 x t ** ^ t i 3*^1 ^ . 4 il l /n - n. II ^*<1 xLqaJJ Joxfl ui Lo^u 1 x ^1 a ifc l '-l 

pLa-ojI dllaX 3^ tolaaAlj jJI jL^| 3 4 xcuLloI 4 x-l^j 1 ^JL*JI 

3I JldcJJ ^ ^Lu 3^ 3^^! 3! J&jl\ 3-oi .t o U^ i Al 3 Ioj 
J lL! Jj t J^JI Jx JLii ^=Gi3 ^ 4 5 IU1 I (ip^ia^l) fuxlill 
^> 1 o 1-U1 1 £ja Lo ^ 3-0 4 mLuO I ft J-x^j C-ut^ 1 ^3 j^-xJI 


Mi 



J S.tlj tLy-Jdl 



^^—1 Li N L *fc \ 4_Lu^La 4^ixa£ 4 jJaJ ^ * ' j 3" tji 1^,-% ^ : \ i —X At 

«* 

.dL Liiil j\s~ 


(3 L&jronij ll ^AJl <1 a i2 ^jjq L^ljjl Ll£. Ai HJ I 4-u^L'bLi'^l I 

.<Ul^_o 4juuaS J ^d-U JLIL dill ^jLfl i^LuaJI dl Lull I jLL| 

** ** «. 

<> ZL& JlLLa (\ £-r) JLUI < ?^Loi)!l ^ ^ IlLj <lLoa 

. 4. as . Aza aJ I LNUUI Laj^ L i r> ^A ^-aIJ 4jjhL^II dlj j^ll ^jl ^£[dJ ^ <^All 

J^aj.1 j^L J^LJI jJL c-j^ ^ 4 -l u ^i C- 4jH J£ 

^ i ^t l^o die 4. Lo - fl\ < a (Jjlda Jl 4aajuajJI jjLall i,a I uj .3X011 ^-*-^-*-11 

«• 

^ \ kTl X 1 1 dLLouJI ^1 dlj-uill ^ - A .Aii J L Jl 1 fcdaJj 
® «% 

t> ol jL<i.)!l 1*1^ Jssi3 ^1 c^L^il <jc dLLUl jouj .synapse 

** 

dlj^Q J^JjnL (t-JLiJI j) 4jaxOjJI L^LDI JJ 4 v \ ir\C. 3dt J£ 

d tUtiim 4 juulL dj 1 1 dL» I uil I / >Aa > \ *"\ a . d n i/n x 1 1 A t^La 1 a 1 1 jul 4_*j Lm^ 

•+ 4 + M » « W * W *» * M M u 

tidllll 4 ^1 wixl l 4-i.Lk.ll Ir^i-tVA jjJju Jl J_uu £ua. 4-ujudX*JI 0*1-51111 
• iJLJI 4j,l A 11 iaxauj ifllcl ^Jl (Jxcu LajL ^jaSlI > £/La l3 

4al^ lya ^JLo j JxL) ^ dLLid.1 dal Jlc jLlcAH <^d o JJ jrLuj ^1 ( j^ aj j 

ol ^dfl dblA U Ll^ . dl i ml 1 « Sj d5 » ^ ' U , vs A t LJLJI d 1 1 .s^r 

oljdfi (jU dill . jd jxififs jL^k. dj » j da. Jl <Uxuj jll JjLJ <41 jL 

.Ia^uiA 4, ift At SjdJclo CtL> >L\ diLftt o jaJiAj Ail / j*Lai dd^LJL dLLoill 
al^J Jj^l uLljli^l Sdalj Hebb mechanism ^ LJI olL < 'll 0 
oLLe oldil^l 4^^/1511 oLlSlI j L c dLll -d iL* II 

4-iJLaHa^jl yv^a 1 .tall 4 -lau_l 1L dill c '\ L A*! a (4-uLua d < > i U oil ri-LAj 

** f-'-J — » — . «. — 


Uo 


:AlAoil 


uijj- Cy 


4jclllaj^l 4j,> uPC. 4 ^lui 



4>UJ.I ijji ol^-iil iuLua. Jtl^ 


\o-r 


1\*V iVa La £ ^1 4 , JIaIaI 4^jLuAi 6 J£.Ij£ LijjJ 3^ la| .4_i^Lud^ll 

^La^Ala <J*o£- SIS!! ^ Llji^oL) (JI^j ^Lfl (j3l i C j^ J- fi-11 6JuA jr OAJ 4 juCLaSo 
1 <A i l 3 fl jia t 4j^l \\*£ II ^Ij^JLluL tdiLaJll ^ 4 u,/s<ll \S±L}\ 

<j ^t-t A jll ^Ualil gj^-cu J-C Jj^nr^ll (LxjLlu^ 4oJLaILa^l j^LlxJI Sl^La-o 

.(No-T) JSAJI 

3^-*f ^ill <(No-Y') J^AJI j 4 -k i ^ ji.1 ol^^Ji (jl 3^-*^ 

*r ^ ** 

it 1 /.<\ i'ilo <£tll (3 4_k_u^aj»JI lAlAll <oljj)Aujjjl jj I4.1I (JoAu 3^ 

4-UjuaJiJI Cj 1*\ juaJI jk-uuLi 4 \\x& 534^ jGl^l (3 aAll 3^ 

rlJU 4tflXi . oJjGj j£-l a5 cAa-A <olSAaiJI 6 Jj& (3 . 4-lC I aJolju^^I i 

v ** ~ «* • L/ •• v * T •• 

p ^ 

3Gl^iLll < go Liljl ( j^jij 4»x£^j (>-ajLaJ 3-^ 3“'° 6jlc <AjLA 1I ol ^ajfl 

p ^ ^ 

* -» * *1^11 AjiA^JI Ij-A ^j\ 4jj 3 y'-^ujJI (j -0 ^ • 4-AjLt-a^. 4 Cilj Lallj 

** ^ 

P ^ p 

Ijjfc^ ‘S'J ' ' II 5^4 ^1 JLfc pLiA^II 6 j-4> 33^^" 3 '^ <ju\±l\ 3^ t T*^ UJ ^ 
g t y^2 0^1 «j3 jA L< >£ Jt ga^Adl £-A>j Ujj ^aaj 3^ 

^Ajlj Gerald Edelman 3lia[ J^u 

IlLo <3^4 j .4-uLuju^. j\£. 4lL>.ljrt_fll 3^ (^3^9 d‘ aC ' 3^ oIaJJ^II 








13) diijJ < lH>L>.I 1^1 6JA <J^ 4_i jJ v ° I SjJjlA 

4% 

lXS^-* 0*H J-C- j^LS 4j| jl (j JL a 

•4jjLoi> 
•* * 

4 j w^» I t L^LaJI (J-ac. 4ai Jff» to :(jA_LiS!l £jlal 3)' ‘0*^1$ 

4 j us> * J 1 L^UJI j\j ta S 4 _xjI,,/i.uv oij-^3 X J>^ A L^jL£ ^qjlj Ja S 4_j J ^iJI 

J-c- I4-J £3l$JI <3 4 jla1>o j 1 j.^. Sjiut^Q pLuil LftLkJ) j <Li^L3. 3^ 

llSl diTv . i /n < 1 fl trt - U fl fl 6«XaJ j UujJ 131 f jSx^ JljJLaLII ^jA 4_aJLj 4-=wjJ 
3^3 — Ij^Jl ^ J oTiJ i u <(Jlall (J ^Ui i ^JuC .Ida*. 5 JQ * a s-Llxu! £a ^J-oLlU 

< t iliraLi mnj tpIjiiJI 6 1^3 1 3 XXuu 3)' — 4 _lLxJ! w-^j ^ 

.(M-V J^-i) ij^aJLlI {y* ^ Itu 43l 3>*J J-C- 

cl^-l i ^ ju= ^ £m (£^ L$3l OAlxj Lojj ^pJI ( j^LuaiJI J-A 6JA^ 

p p p 

o' 0^? L* jl^w 4j ^uJ ^ jji.ijrt l^JI 

4^.j Jx. Ja.jj Xi ^ <3 Oj^f O' U^^-Ai 

p ^ ^ p 

(0° 0>i^% *3^ 3 o*^- y 3^-^0' 

&3a ^jSLo_u i-Lj £ » : JIJ-uJI IjA JLuaj 3)' I3J iLa-oJI JLc j iJg,Li 4 m»<M 

((SdLIj (3 -0 oIjI^jaJI 

t ^Jcv- X J ^3JI ^.l i 5> j*J 1 ^1 — 4 i l. iL .lj J£-iA 3)' 4^-jj-UII Cj L a-1 Jrt-S^l 3 j-q 
6 J A x il 3 ^3JI ^A — I^Kmi 4-ilaJJ pLuSul {j\^ £jA 

jl (JaIaJI j » nil I 4JLa- .4 iU.l l 6Ja-=*j oLll^joJI 6,lgJ 

4c.j )\ ^ o ^_yA^ <4 jlL^J1 A oOL$-> ^A 4^vLxxuJI 0 I ^ ^. \ "v *> m" ^11 ._>1 \ fS ^j | 

H •• w 

J^-il 1 ^1 C> LuLkAJ *jl ^OujUJ /Til l 4_U^j3l CjLu^^J 0-° 3 

31 iflLol ^ 3 a t£>UJ! j5Li^ll .microtubules 

LwSlI LoS .l^JLuy j ^ filaments .kj^L dlj^j actin ^y^il 
.pseudopods ijjlill I a L.J ^ijiJ .-, 1 ‘ mi .1 ^-... i . i ,1. 1 
ifa. t4jjl iVi. i i l oljji C)lj jy JU -'.^1 6Jjk (jl jSjJL JI .K I I 

4juuLujI 4iLuaj ^jjk t<a.Lual l ^ jj .in nl ^1 ' (] * '-^~ — ‘ <i_)IjaS|I (jl 

** a* 

4jlLa£. 3 S/uS 4i.lr.LiLj CjI iiii i*jt 1*1 3 At" t ^Uj 31 iiL-Q^L . oLuui.3^1 ,'vq 


uv 






ijjjudj 4 -lo.J I toljx^l .kv^^l : ^^juxujwo \jy \ I :N"\-V 

d t^-jl -v II 6 Jibj t4_^.l_x /nil (3 A d^Uui ^jJI 


L l i- 1 i W 1 d a \ S ->w I . \ a ,~< v-v- i jj -d vl-v II ^LujXjI ^1 t mitosis ^ lr\ mJI aLuAj^I 

' •* «* 

-d t >iAi 1 1 U'liLLJI 3 oj^-» ^ 4jI ^oxl^JI L^LiJI 3 

- 1 N ^ H (jo l^fi A LijLLa.1 I Jib |^nt . 0 - U 


p ^ • 

^j-uyjU-uJI jl J j-*j v^J-* S? C£>“^' J\?0 " (^ *» 1 

,> ^jJI .centriole ^ <^ 1^1 .centrosome 

iL^j^a 3j (Jx^iLLa «T )) 4 AaA Jx o Ljgjgj jl jjoxj^h. 

(j o. Vi jj I jj_0 d\l I^J oojuI 3^ i **» .U <^JXU^jO-uJI ^ LuJ L fl jl P’l-AO I 3 <4 ja.j^A. 

Jx <JllJL oj >^\v ] 3 

• "» * 4jl£ ^ jjx 3^3^ jrOxu 3^ 3^a^ lx J-XJ^ «T )) 3^uu 

p t p •* 

(jo 6 jib .~> 1 .it ia*N I t_fll_JI 3^ <Ls .4 jcjo pLuAljjl 

Lb JJOj <4j_LjJI Sl^j 3 4 lunft ill DNA 3^l*-^.3 «*ft\H 

.4jJLkll ^Luiij^ JjIjJI ^ 4jUtll 6 jx (jjiSj .DNA JSI xa J^i 
* «* 


UA 


J— 5-aJtj c.\ tall 


^ 4 \ \is\x II L'liJI ^ 4 i II L^LJI 3 4 II 6d& ^ 

4-djJaj (^djp d^-jJ pL>J->y^l dJ *^Lfl dJJjJ j tn, nifl n 

t6 J ljJ£. (Juliaj L$il {jja ?4jLiyuiijJI Ls^LkJi 3 [- ^Lyg. Lai 

dJLl& L)^-J <4 jlL^JI 3-^L 4_i liw» 1 1 o^LflLlll oLuy^ <Jij dUd 3 L o _ > 
Cjljji Jj J ~V~1 3 3-^°-^ L^ Ifl Ij J J oLuJUU^J y i jAi t SdaJj d Q * Uj 

*dl utui j 4 \ v >^>f. 4 _lLxJ 6 Sjjjjlo <^V— 3*^ <u*JI 3 • did Liill 

* — s L aJ 1 dDj^j oLu-ui^Ll d-iitj-fl'U ^Jal^ll 3< mil ^y© Lua_»l ^ a." ^ 
jrutUI tCjli^Un^li dL Liill ji^l 5jdi I 4 J yiLd jl5 ^1 3 ^Lu^JI ^y© j 

44 

Sd dC ^ll 6 dA ^ . ^V— V JLi) iii II <^>JLflJI 4 jH*-*-l! 4 -sujlLi 3-^ 

^jluailj jl jpaVt ^1 ^ il-Vi n.uj tdLiLall 3 iijiiJI 

P P p 

ol^A-iilll 6dA JoIS y I 3^-^J -t (T* * .\ s ^ JAjLS — (^>>-1 (> — j' 

oL^ll dJ*l £aj£^I L)| Cijra ^ Jj ^o^SlI 3 ^^jJI CjI t^ajlIJI £jC. 

44 

jrOllll SjjLJJ o Li^ ll ^yLjuxuj .JUajJI ^jAlxftj^ll 4 jJT 3 *Luu_ujJI 
3L-tajl 3^i J-C. y I 6 j^dd un (_£dJI ldd> JuC. S j-L> 

(j L ^Lj-L 3 ^> 3 ^ •p , L^ (j < \ II 4 J^LiJI 4_a/^ c > l-ua.r>. ^1 dLuiill 

idL Liill CjI ^ di 3 jryLJI 3 ^1# oLuUJui^ll LaflJ^La. L)-° *■ *Wi -»<i" 

Sjj-dajJI o'liLJL 4^0 UJI ^LxuSJI jl^ll Jfc 3 djSlUL dlj Li^i 

44 

cjl Li^ .1 > ^yiil 31 L NUJ 1 (^d^l L)- 0 CiljLii^l o-u 

** 44 

^* ^ ■ *■11 jjU-U 3^* 4y>LiAj^LJI jl^ll dLL 3^^3 ^1 oL-luj^I 

4© 44 

L^Liu jjJj diiUj jjljyJlj 

p 

44 ** 

4-JaJI jjtli 3 3^\> oLajui^lJ j^L g-iAn j .dL Luil I 6jdi J_c. jJj-i 

d^* 31 4-xxuaA.ll O^Luaj^ll 4j \ a ili jrO»_> (^dJI ^j-o^ll A^J^LLit^ d i > • 1 1 


44 4 

ot,n,.y&) iuu^. (>A-r) jiAii So lw.^ 1 
.tubulin cdjiulll ^ olip^ ,> ^^3 s^JLua t ^ _UI 

44 44 

Jx.) I4J QjJjjjjIJI olluj_>J jjjj .sjc ^iji l>* ^ij 






(oLoxu^i oLjI^jj) clathrins ol^j>Tbl£JI :W-T J&Jl 

p 

t iK ^1 jj J_uj) _j j) 4„«^La>JI 4 ,\\ y/n.l 1 pi 11 

«» 

I j_& uidaj .db lut il 6 ^Jj& Jl£. jroLlll 3 

.ij ijjyiaJi Sj-ac.^11 (3 Jo^a* 3^° 


3! iConformations ^1 <^liuLcu 3tUU> (JiSlI 

3 -° JjL^ujJI JLwjl ^ ^-ualjJI 3^3 * 3“° Jj ?^^ 

Stuart cJ(j^-oIa olj^ u ai> ^JLaJJ 3^ <£j&3J! 33 6 3a 3^“^ 

jljifil jx JLuji 4 i fl ^ J^ Sjr^lo jlli! Hameroff 

^ Cr ^ J, 

(SJ^ 3j^sM$* o ix>.xx^ l J Lojj <wijj£-ol$J UJoj 

w» 

3* SjSjiII oljU>)!l JLu^l cl^ej cellular automaton 4 _jT 

Lo^jl 3-^ C/4j^ ti.u 3^ A tLaJJ 3* 1 X 4«*i II 3 3^ 33^- =w 3^3 •L^-i'bLi. 

LoJuul 3 [r® . JllxsoJ c£^ 1 SJLxJlj 0 SJLaJI 3'^- a ^ 

I jjh *■*>** 3^ *^5 3-^3 3 ^^?“ 4jI$3 3^-*^? 3I ^iuu ^ I J^|3 

Jaaj ^3 4 1 1 ^*11 L^LiJI l a^LUsj Jx wiljJuJI Joe. jl il c*jl 3 3*^ 


j.-hN 


^ < *A J£XJ| i^g L»lJ I 4,^flj^ jJb :J >*C , 4^1 \ 1 1 


>0 . 



J_Ju»J!^ luJI 



3I ^ j-u^ <( j^^_u_LiJl dimmers oIj-ajIj 3- a Ij^ac. 
.(J 3 SII Ja) oi& y 

3- ° JljJjlII Jx. 1 >Ajl 1 I t(J \ * ,7m ^IaPa Kq 6 4. nmC 4_J3* 

.JlJLajJI 4-iJLi (JJQ ._tt.Va.il jJjLfb ^j\ di nij t , I I t t\l ^jLlAXljSlI 

^£JI lfl. u b x .-J. Lajj j CuL ^ j l5Lfl \ Jj! jiux.1 cdJjb 

ji^ou ^-oLajJil CjjIjI ^iJl j^o^ll v^wl j .oLUaJI 6AA a^_S 3 4 AjoaI 
4 jJLoj ^.1 4 -AjLfl ti^x-uljl .ujjgijl Lgi! yA 4 ^*jJ ^uojs'J CjIjlujj^I 

Lo (Jj>£- J-C- 6jjl5 3j^-* 3a L^jl (3 JlcG 3 Ljjjklla ^jju^jJLi 6 ^j J-v 
CiaC-J^ ^U1 ^JjL^flJl 33 •JoukShJlt Ja-Lu^Jl 3 1^-tu.xJ 1 JatuLii) 3^ LgJiaJj 

3^ 131 ^ < 0 R Jljisdl pLja-fl (3° ^3^ cii 3 

4 - ^IjtLq dlllA 33^ 3^ JJ 'SLi <lnt>U 4 lj«a 1 

f p ^ 

ujjjU*ill yj 3I 3LJLI 3^5 •Ja-xaJJ Ja-uj^JI 3^ boLoj il^jjuo 

.JjjliLlI JjlOjI! 4 j-au <_£ jJI £-tulj jjyQ^ JajljrLil JaLuuJI 

JaL uuJ I IJufc 1 vtt LqjAc Jails jOLj Ja^aJLLl 4 Jj^J 1 3 ^a-jJ 33^-* 3^ A 1 3 

3^1 1 * uu^ *(v 3 ^rjuoLfc £3^) 3« pd^ 1.111 11 ^ Ti t ft £-<0 jlaP'JI 3 

u (u-r) j£Jdi 3j <^1 ySWi Ji «^^Ji J%> d^LJi 

** ~ * •» ~ 

.4JUJI 6 JA 3 .*« 3I 3^-aj 

> 0 \ 



^JxLaJI pl_>JjA 



CjLc.j o) J^lj obajjjjt oLo ^J ^.> a ^£-Si ji 

J^UojJI £-au!j Lajq^ JoaIjtUJ JaLuuJI d i ij^\sk 11 L'liJI (^j- 0 

IdJ .6J j) t ^ lll (£jJt (_£j^flJl 

~ «* ~ *5r 

(j£- (J-aA^-11 £j*q <^lLa-fl ^J-C JoLluJI Ha (J i_jj) lJftl 1 <j-o 4jLi 

<Laj}Ivia ^tWi mlj .qLujlAJ^L Jqa^j ^ jji 6 hi I , *1U 

ifljjjill oLojojIJ 4-jj^Lurill oh-ujj^JL 4uualifc. jLaJj JLuojI 

«* 

jlc. o Lojo j^IL L^JhojL tJaLiuJI I 1 a «(Jj jjo )> MAP jL^l^lL 

.«j1aJI» 


h^JI ij jjjJI (jA La p^i J^a. ^jo Ja ^ iSj^juaJ! 6«lfc (j-o P 3^> 

(j-a I J-=k. 6 oLa.Luu> jLc. jljjg^L i >Iaa*a ^jJI ui.Wl J^.lj 4Jaul IjrUJ 

^ «« 

1 0 ~v^Ja plaJI £^^aJI Ha ^j£- ohl jrLfll dtlA CajHj . 

p ^ 

Loaj 4a 1 1 j ^ h <u ^^j>jJl (JjJL> 15^ iSjjjA o t^*i j*i (Jj-s Herbert Frolich 

p p. 

(jl jjJja j| <L^_xxjlOa 4aa^oIAJI I 4 J 4 jj ^ H oU^klll <3 pLuIjI J-^^a 







JJUJIj 


11* jl 5 ^^iJI oLljl^ jOJ Sja^JI ^ c>l jaxpSH 

*% 

t((^UajJI £-luLj» ^^IjuaJxcoLi^ . jUalll £xul^ La£ Jajl^\Jll JaLiuJI 

<4.laSJ) 4 i^jut>^qNL1I oIj^Ljjj EPR j-iJ Cxfljua^ ^jlaJI 3 ts\C 11 3 ^^^Ul ^>Sk Jaj 

<M *• 

L/p£ ^Lucuijl 3^ 1 jlT\JL » 4-LuaAxll Cjl J-Vji-lJI ^yjJI 

ol^bl c,j<J S£Uil ol^bjl J .4l^ilo Ls>jUid 

^(■5^ 3*" (J 1 ft P C^“ ^LLal <3 !■■$ ^ a^JI a (3 

« i* w w * ** ** " 

♦ ^3 j)5UI Jat < m\ II 3-° La p^j cliAa^i Oxa. tj^aJ 

4J^j_uia 4-uLiJ^ifl 4 j_LoC 4ji dJU 3^ 3 3 fc ^ u 

” «* «* •» ** * ** 


JajIjrtJlj .4 -ujuLluI 4-fljuaui 4_u 4xu=>La. oI3 33^ 3^ Jj ^gX-^JI 3^ 

«* 

JojIJLJI .jUa^l IjA (3 4 Agi.1 6JA plj'i! Jj^tjJLi aj^a ^ a*\ II 

■ «*» 

33*“^ <3^° 4»a.^j 31 ^^La. <3 3^^ ^UqjJI axuIj ^.aSLII 

** «* 

^ ^ % ^ p p p 

4a.jJ (3| 4-^-La 3 1 * S\ 1 1 ‘(SJ^ 4_xa*lj ^ja .oLuaaj^I 

.4 xLaaJI bju& 3 31 3LlL^I 3 3** I3 \* j 3JI olliA Ij-u Lcjlc 33*“^ 3*° 3^1 
6 Lxo J*d-ai 3"° 3>UJ Jl 5 4Jaxa-U 43.xi.lt 3^- «»-Jj) 1311 3^^^ 33*”^ I3 aj 


L^jlC. d i J I U 1 1 6 Lil t)X&j .Sj-vuLlq oLujlu^II ^-jLa. 3-0 4 _j ^ 11x0 

Lua£ JajIjrLrO 33^" i £ ^ 33^° 3^? ( ‘^■■'*3 1 LyblaJI 3 "^3^ 

jy£- 3-° (J^3 4-jli <i5Lij jJaj 4jl a » II 63a 3^ £^3 -<—^13^1 Ji.lj O Jjxj 

.iJUJi ^ an 3 j£s 31 Lk 3^11 

«* 

4A^jJaj Jajj 3 1 uxulj^ll 3^3 4 jjLaJI 4xa^JI oLijujJl ^J-C- y. aL j3 
ijjJaJLi ^jJI rv.lt 3^JI JaLuixll \ > \ -v" U ij i C j Llaxu^I I 4_£Liiaj £a La 
pLIj^ .^Jl i^-ul^-LA ^_a 4jji-fl , laua 3^ 3^ 3^ ii— S^^ a-oLa 4a£. 

cjlxxll ^jlxIL ^jLuiaJI iaLuuJI jLc JoA fl ^uftj ^1 3^^ LjJ * y K <4o1a 
C j'ilLa. Aj3 ) (^jJI ^£~aSU I uLaaJI Jx. LAil 3^^ll ^jJL-aU 3 j 
dJjj (j^ii liili <1^1 Lu*UI dt X ^ Ijl .Sajat iiJlLa J U ,vft 

S^JI iJLJI juu^J j5 4jjjla 4 lr>fl\ JxC ^ t^oill ^jp,/nll Vt£L 3lj3 "il 
LS lxx,^J I ^^A-Uiil 3 3 l4 i^MJ > ' Jxiaj c i-N \ -V 1 1 L<k /«! J 11 i d. Ls 

a_a ^^3x1 QJ.^j 4 -xLoJlJI 6 UA 3^s3 -j ^ l> La 3 4_ijI^xuC 4.a ^ > 



Jo * It cLja-d 


(jJ jJflljJI 3^9 .^Jl l *s x ll^xl — 4 JL 3 JI 4^xo (Jljx>.l j! — jLUil R 
(jaAiJ5.il 4,kl iLaJI aU£. jl jjjj L£ Ijj SjjLa olj 4 iIajlII 6 aa jj^x 

4 _x jl ^JuC. joGj tcdij (Ja .1 j* Jx. Lgx 4 Jojill 4 i_iIajJI 


S, * 


. LoLj ^ jx k^tllirCi > IjAj /l ^ 111 Q i t*v*> j I (JojUS-U iLUJI jut OR jjlojII 

%* 

j .k J LufiK jt. *^jjjca jj£x pJ»l <3 Lo g-jjsL Ji ^Lkxx Lul ^-tjl <cL1a! 

^ P 

Loj . 4 ofl n 4 Q tl^ j 4 jU 3 j 4 6 JlA AxJI ^^JjU2ji! (JIjJlsJ^II pLijxfl a.LoI 

(CjLlllu^L 4_*otLaJI 4-i^ljrull 4 juLuoJ1 oIaLxaJI ja^j A I oA 4x11 ;>Lixx 

pL> j_kiJI 6 AA g. iJaxau ( ya. 4 xflL£ 4 -Xj Ai iljjjix A^-LaA I Au j! Jj.^aj 

/ 5 

.4xlcliu Ifl.fl^llaj (jjjjS ji 1 5a. 6 AjAsJI 

«* 

CjIi Lem. 1 1 6 AA j-cu-uu j! £ JXoxS Lfl.aaajC -1 ^xll 6 jj.ua 11 jli LK A j 

SjLtl ^flb jc. 4jjj4tfl l^-mflj (J-t -UlqL?^ j CAfljJI jAi kl 4 xq^J1 4ojLluxJI 
«% 

JUI &Z — iul 5 (> y>; U Ljj — i»i£ SjU) 

** 

jrUC jv^ U»llj (4 Juu»LlaJI 4xg^JI Cilpl jX^i jlf^A Aa.lx (jl l (pc. O jLXxl 
P(jou (JuC jlj (4 j 4-iajli.l LAjjJ pljl (3 I Ax ji j-uLlEJJ 4JjLL1I 

«sr 

. 4 xujL 5 JI ^J 1 4 jjJsu (jt Lj jA jx liNjAswi k 0 . 1 a -La 


<jl^i^ll 6AA jx A>A*JI j| CjLuoI jrud^ll (jo jo£ Jji 4 -oj tJUJI 4 jujJoj 
<Ua^ jKI 6jj-loJ Lo jL2h. (J| 6 Jl£jj0 4xJLqJaI (jatjAJ jl£J^I 6AA 

4jjLfl_o 4 jjjuxJI 4xjljjxcJl olxLo-aJlj ^XjJl jo 45'bLxJJ IjjJlxjj 

w «% 

4-klxkfc pljxl j p J.J1 ^ ^ j jS'iJl (jej .(^ja.^ 11 gA>lxil i3 ^AAj CjuI^ 
pt . ljuta .> 1^1 (j^s jA-fl-il 4 \ k«^A» H Lj'AAJI JJlC. Slxo iijjtl 4x> l.tiirv 

^xojJI (juLiiil jjJjQla jA q j lkl Ij <■ 4 1 jug^k Ij Jljxa^l JoLuu 

« «* 

j! (j^ljliL i^jak.1 SjLiaj .^BJI iiL^u tj 4lc. CuAa*3 (^jJI T 

«* ** 

(j^ AJ ^jlll 4 A >ufl II Lo kijl J-2kL 4 L/A (Jx. 4-icljJI iijl A^.^11 

w «% 

(jlcjj Aajj S^Cjll ioj^JI 4-u-ojJl SjrLflJi Loj S T ^xojjl jju Ix&aIJ LAjjA&j 

M ^ 

i4j^Lojj Libet cu_J jL^xx <jtii^l 6 A^j jlLbCLo « jl^"ll 

jl jj.3l-<iJLj ^jz>L^. j^-SlIj (JLaLftJI j^cjJI j! 6jxJ) Salj^ll (JjLUj Iaa j.r^l 


*uy 


xLuJl (^XjJI 






Jju Laji 1 L J 3Uj Lkel jltl : (0^ * ^ 

6^? j 3^' k* .* A l l jl>* o' j^e **j^Lqjj 

L^kxu^lo *o ^pJl) <Ujuui I SjLai^li ( 0 l) -0 !"" ^ 6 JoA-U 


.*1 > j-v~ d_uj »d a i iii-A iijjLO)) J £ jrLfli3 (fcJjJP (3 


•t^' 


■ "* t J tS^sdl 6«jlji^' ^LxoLi O’ 0 0^ Llc-U <4jlkXiJi (3 

«* *• 

jjl 

cSj j (J j Jx. yl ^.^.A (> ^Ik .Kornhuber 

(electrodes olajJ&JI ji) iu.^ ujlks! ojuijj -^abk ^ 

i> j-v~l l Ojj^j .4i-o ij JkLAjJI (jc. i «A<I1 (j n-^ AH Jx. 

** i 

otUj (! Y--Y J£_A) gStiiJI otk^>L» oa^lj <ob* Sa* 

^aJI kLAUI la$J ol^A> Jx. Jail i^nJI 

«* •% 

JlLjI 4al Al l 4_ii jiStl ^jJI o5^JI (j -0 4-lolS dliLi ^ j-oltul 

«» 

>i.ilJI ^o Lo Lc^j jrtiAu Sj^JI 6ji Ijjll (jl 3 , ^i‘d l> a 3 • L *- l * »fl 'oL>^ 

j d_ijlj *-L (5*111 

^ •* %* 

^liJl 4 ^jJouJI * jjL^ljl d U*-olllt £)| <^-o^H ^.SL) bS 

M «* 

p 5 

> (jj al ii n ^jjLa^jJl fclfc ^jli jJjl* Lo J-£- J^' Lfcjl^aaJ Jaj 

AiLn J-o ^,uai ^1 (Ja 3 jtil Jl*lj JaLuuJl ^ya 4-jjH 

<JjLxu^ Ja.^1 6 Jj 3> J •(*— > ^ tt Lft ll T * — V Lo 


\ 0 0 



Lq {jA pJLaJlj (J5jt.il 



0 0.25 0.5 0.75 

(v) 


jLJI SjllUol 4-lLaC. Jjl ((Jtalu)) (i) .Q JlJ 4jj^2a • — V J^-ai 

(ii) . Luj_a3 jLsjaJI SjIxLoj^II CjlSj (j L$_i j5 

*. 4^Vi Jya J-fl'iJ SjLl^l j\c. 6^.tiflJI SjlmuL ^^aua> JuJ I ^juol> 

6jlllu<^ll ilfc 6 n Q J I SjIjTi n>L» ^ JuJI jJUu (111) . 4 _lj Lj 

.IjcL^i iulSJI uA**i <> ISjj cJJjj «iul5 <> jStfil 
SjIILluI ((Lxxu^X. t-.irk.Jk5)) Jjl ^^JuLflJI Sjl!u^l 4 aLoju 1 (iv) 
jlaJI 6 j tlLm L) ^X^JI J)l ^1 j\Jl u Lo-o tjJLaJJ CjJJ^k- 4i_)Lu 

SjLTIauI Cxfl xJr> 1 jl (v) .4 _> SjIjiAau^II Cxflj J-*_flJL) Oixi 

*i\y II 3 J)Li tijjJlflJI SjlSlo^l Jj-a 6 j\,ju~il 5 jrUS Jju jiaJl 

.^^JuiLl! oAjkj Lo « J^J>j » 

* 


Ij^isa* JjuJL I (] I s'*'. I . lJ> <^1=JJ SjIjIxuI 4_lLo£. iSlx.^1 

e-1 v^-l Lq j\c. t O^UJl 6J-& <j l4jJan.il 6 Jjk Jjo 4-utj *— fl is\ \ 4al >2 

\o*\ 




3~ Ba.Hj 


,*>a jJl jJb jl^JI SjIaILujI S jy^*- 3^ j a^ A j i\s& <5lc^!l 

jJb iSlc^ll pl^=d 4_xi Cxfl^JI 3 <SjliLui^II ixLxxJ J-*-fl-ll 

JJO <^0^1 4.Q, vfl ~>» 3 • 6j Lilxu^l I 4 j 1 ri x 1 J-X illl CA£j)-ll ^i-Xa 4 _xj L j '\ 

% * , 

1^31 >* .ULo La lj| 4_uoLa* <dLj)ll 3 4-J^* &d-A 

^ytljJI jjaAJIj tSdsJj 4-uL» Jl ^Liad ^LicljJI Sjlj^H <j\ 

«* 

3jI *La jfl.n > £•(_£>£ j^a ^a^JI 3^ ^ * Ij^ A 1^1^? Jl ^-Lia-j 

*• •% 

^uxuaj <jl Ja5 « JL/Vi Jl 3^^ ^Lal llll£ usf l 

g-ll^g J-xi J^-l 3>a IIaCj c-flJra jJ ^XJ (U CjJ^j J-C 

s tb3 Lit Lr l~u <*<^1 dJj plj^ S>JI U3 jIj^ <*>1 <fi& Jl 

tixtlj 4-ijljl 4 jL^JLujI p^Ij ^1 i^Uoj Ijl dL) jJ .4-uljJI t_Luajj 4^AjLj J| 

3* HL*i d^oTij jl Jdi 4 -aaLJI t_Luajj 4 ajIj Jl 4 j^.L> 3 Ljlfl 

j Krtt d* j^ * < ^ 1 1 3 ^ ^qI I a a 3 1 J fl*icl <1 i «H'>. 3 *^l 3 •^( b 5 jUL ^ IdA ^Ij^J-tol 


3 j .4->jlc iA5lxo J-C j^ll 13 a 3 Jd j La^J Jttll J-^ (j^Ai ‘4^-fl 
•» •* 
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++ +* 

> . 4 ^ jJ I In ui^ILq ^1 j J- fl3 ^yjJl 4 -oL*JI \i<r\ fl^lL ^Udj 

4-ijj-uJI Jcul^^JI ^Jl£. J^ojjlj ^JlJ! 4 \ln.»l jrLil 4-flj^JaJI^ t4_Lo^j ^1 d hvsq^II 

4jlLcxC ^Jx> i^-xol_flJI j I ^LalA^I guus^o ' jr\JI (j\-i 

^ jpAll I IdA ^Jla <3 ^Jj) a ^AUall 6dA ^ I <dJI^J^l! 

ddLalxul lj| 4 : iki^,..fl.lll 4djjJnJl *i! 1 <4-Axflu^JI 3 ^4_a_LilaJJ 

2"° L>^J ^~ 3L \ > ^° S-^3 1 4 j 1 fl x II Jx 4-iajuLtu^ll pLij-iiJI 

S flunjJI £A <LijjyX ill j I jjbU^J.1 ^ idilj 31 iiLu^jLi .4 i.\[ \ j tQ il 

JaLdi Cv^ j^Ii ^jJi tt ^ ulaJI 4 ajLaj 4 \jJd\ 1 1 4 JjLquo 4_ij_Lkj j J aLxJI 

%+ ’ 

4 jrtJI 4 AjjJsJI £_o ^ Liiu! 3-^^^ .4 -EjLuJI 6jfl 0 ,li 3 


.antology LLa^J^JcdSil jl ^Jc jl 

.phenomenology ^ Jl i^ui r 


HA 



. ~iN 1 A’Oj | j'fl-v « ^ ^ 1 1 lS^_>o 4 \1 ft a. 1 I 


^ jS 

s* 1 Ul l (^uLuo> La u u iit P^juJI ia-UjI lj| 

. 4 \M \^ t a d ^_U\ i l 4ul (3 4 XLj^Jo 4j 1 4_>jj^JLtjJ I 

jjljjG 4auLjui-iJ «.x a! vl I JLxil jl c Lu j Iaa 

J±A 1 UJJ $ o^i <* 3 **^ u* <jj 31 'd^J* \*$\<.\ iijyL JOXU 

/ 1 \ *±^ 2 1 1 1 p~ At. a d a is-\ ^ \ JajlII J| ^ lr\ l! I u A ^ Lo^Ujlo^Lxa 

JXauu pljl joC^II 6JX> .4-laL^JI^ 6/\-louiJI 6Ju Ja. 1 l ol ^taac^l 

4jJL 2L*J1 JLu^jOal Jut J^Lla^ll Jx JuJj (^1 4-au 4ul 3 

1 V~w j\ JS* It ljl» l^ 2 » 3 J (J^^XU Lo^J 4uJLc 4i\ i/"\ % I I 

* 

j- U^ iaLu^)l > V X "« Jl JjX^uJI 4u ^JLjl^J I A- m ^ JI ^jC. *^ 1 < ✓-> fl va 

.(V 0 * SM) *<<^LjuilJI j_Llu iLSj Ualuujl SJuaII 4uLfl-ut J-a Ijl^. 

m 

iu-uSJtJI oLu£/\JI mI 6JJa 1U Ja^ljJI 3 Jlojoi ^JjIuJI jlulx^ll Lot 
3j qL^ jUI 6 Mb J-a 6Jj^Jsl SuuljuJl C>luuL£JI J 3 ^ iii^xJ gol^u 
1 \Caa 1 <>•* (£31 ^ J 1 JuX La j^iauJI £«-alu^u jl^ ^31 <4 Q a 5 '■k . l l 

jl cJl^JI jUrflj ,^^UI oljUlj olljJaJI Jl il^LJI 

,4j 1 a, tA.g. NL .11 otj^3l 6J^J 4uJjLc ^^uLuaj> ^1 jjJjlj 4juuLa)*jl p-IuJjxJI 
** *% 

A. N. Whitehead jl^Ij .jl .*si ol^KJI 4i^uli>) Jal^J 

t(Leibniz jlluia i^aUJI monadology L^jjlj^il oxaid ^1) 

J 4 4-flu 1 4«I n Au'^luJI Cjljl.iTiC.^11 J^ JjlHu AaiSx. «U^jJjiaul Jx. 

^yjJI (<4 jlLiJJI O I i )) (3 I Cs JuA olulu^ Ju.au .Jj Sjlu 

** 

Sjlc. — ^ u^au L^-xa 4jua5» j£»^ <4 uu1^moJ olu^ Ju <<Laulj CjL»Lu^ j^a. * ,u ^ 

iAldJUj «6 y^AJl » (Ju^a 4 \lflC- 1-i^a."^ — JLLu^ll 4_iJlu Cilu jp n\n\ 

4jJlx 4 jJa x II Juj 4xILajua ^u, A 1x11 6J-A ^uLlaj . « 4uX jJ 1 » 3 «4 j is^\ /Til l 

Jua JjLfc jaj Jix d-vVv" 1 q ul 1 < jLLauu-u/^lLu L^-fl^JU ^uJl ^^jlxoII 

«* 

t p p 

4 1 /11 1 /11 . \ t^*\ \1 J 6 j^UJtu — .ifl^JUl SjxLSJI 6Mb 

^ « " 

(J^La. Jui <6^LaJ! 3^° Jxtu <4_flujuiu JI^-a u — olxa^Ji Juj 4axaj 

dJj ^_a 4auu^j^ d .AaIcl 4j^j^ I <4ujLxJl ^luJuxJI ^u.&Ljbo 

1 (3 vie, Ja*>x*v ^1 tiuuLjuiJl iSUaJl 6 jOL&)) iS^JuaJl (j A a i\ M^- 3 ^ 





4JUiu^l — 4jk^^-ll iSUaJI 3 ja 4 l^~i ntrt Lg_*l 3*° Jj ^ tpij^iiLlI 

4JlA Ja^LajUL* (£iUI fl.Vll cJL^k jr'JJ ^tlll tj^-llji 3 4 ^ ntl^JI — 4_fljlgJI^ 

" M M 

4_Jlt 3>l Jl^I o Lcj^ a ^ v xv 3 ^ j^jJLj j^. 1 Ij . «^43lj 6i> 

£a*s<\ 3I protomentality 4kljxll 4jlfl»ll ^111 .k&i ^ ^ krill 

yut 5 jUI u-SjUo^ ^..fl. n » : Jajljrtil^ Jxa l^x ll ^ «... ftvfxl I ^c^Jl 3 -0 4j».jJ Jlc. 

%* 

44xaJI aLui^^I 3 4jjl ^ J_u^ <4 1^,11 6jlil l r\LLkj ^vj La£ 4 j j) k ,» 1 1 
«.^ V ^4_uL^_jJI 3 4j2k_xul^JI <_Aj L la^J I i ^xxuaj j)5a>xt 

* >L^ 3 jla.tx^JI k 3^ <SM 4 _>Ij£[ 3 > ^ 4* L J l? ^xu! jj 

Principia Mathematica i_>L£ Jl (A) The Emperor’s New Mind 
^ <4iuiaJI .Bertrand Russell Jxol^ jjl jj _>jj .u^jjlj 6-° 

^ ii L^. jj x olxil jrttl S.A£. j ^iin ml L > , •>; , < : 1 <<J JiiLaJ t^jlxuil 

%• ** 

4 jI£jl 1I 4 at>. jkj*jl 3^ 63k} 4 ^=* j Jjfl'nlj .4 jIj Ji£j ji 

Jit Jltj pLjaaU JJLc'JJI pJUJI J| ((4 JOjiaJl ^LuiiLil)) — 1 

4jJl ^3*^ <3^ 4aj|jjJI 4 jJj5juU ^Jjuall 3^ * (£ jf v i U i 1 I 

. > ^jl 3< 1 . 3 n1.1-3lJI 3xj ifclgJI 5j) 'v fl 1 1 6 j-A Juuj 4_» J xol xfl 4 Cj I Jl=»3! I 

^ 3* ..ni l 4aJlt 6 ij- xaJ l j SJj^l oLoxxu-aJJ 4_3l JjJI 4 xifl * 11 3^ J-*^ -0 * 0 ^LuiAjI 

t 

d .Xa^\ a 4-ulj.Jl 4, 1 1 L*J I (J-A ^Culxo (Jp J (g I J-Aj ^31^^^ 

p p 

^jiU-loLj (J^-i 3-0 JaJLfl 4 tifl.nll 6 J^_» c_xlUa jA^ui dillA JA 3 *? nt ll 
Ijlj S4atlj ol~ui^ 3-0 4jl£ Loj JL^-ll 3 j^li j-qXluI 

4xiftt)> 4 3 «J-At» ^LxSlII j\jaj 'Jt <ljA > i txuu dJllA 3^tf 

likiJ 4JL0KJI 4 fl AulflJI ^ 443^1^ J ^ «4kU 

S Nk. Yii*< Sjltlj cdZJA\ J^Ijj 1 ^ xft uixj 4 xLo_*JJ 

oi-jikJI l^-jl J-C. — 4_ut5l^JI 3 j^-* Jx. 

6jlil jju < atomism iijjJI Ijxo 3^ ^3^ — SjjUI 

j'.< 1 .Gassendi Democritus * jj^. L-o j^lllU 

4jJlt L^t l Q^xtC" ^jJi JjjJJ 4 v K 1 1 4 jliaJqJI Jjlkjuo j\C. 

«* 


^v* 



/•>" -wMl ^xSlo*. Jj 4 \ 1 fl ■* I I 


U Jba. Jl oLialjlcdl 6dC JlC JjJI 4ul 4 (JLaJI p . / i ifll l 3 

^x&lilll jAxj jJd^wiiL <djfl~wlj ^4^° C^° 4jL-ttu jLLLj! <j* 

l<LuK 3-0 m il 


V M r U- ^lS^ I iu^SJL £>*£11 £;^aaJI jlii^l -bUijI :Y-1 

^ iioliii iJUJi J 4 J^k ijJ^b ^ f^ 1 -^ ul 

J^Q-Q J^aXau ^ ^ Jl aLLuJI J ^J-ll 4 JL 2 JI (^1 — fJtuJI 

JLC Liu I J-oj »u Jjl JlJ ^ i^Usull 4 it* oi l ^C ja'v o J-C 

|j| . (^x^ IjrUI Idea (3 4JLoL£ Q^ll A*i~v^ll Sj£flj *4Xol^ (_^ajLux=fc. jl Cj^Lu-^-1 

c> .JUI 5 ) <t> ilLJI 4^1 aj iu£JI jJaall dJ* A ii^UJI Oddi dS CLK 

p 

4JUJI 4^JLq 3 c j^aajJI ^jSuqj ^Vn->. t^4jjLx<5 6 d=*j La ^-lo JJ 3^ 
JILoj ^£dJI 4jjLa.ll Sd^- jJJ ilLJI 4 ^jlo jC lij 0-u>> <y.f CiUi A * \ i ^>1 L 

*4 

*_j£jjo ddC 3 c SjLc C; J£j iUi Sdd aua £<ul A _! l^ji jj^u ilL* 

Ui _J L^Ijj d*-> <£ jU tJLiLj c^jLiu I Ct | 2 

A 4 a i a jLfl i ia. 1 3 v ^ Jc L5 a ^ j_alJLI J^cudlu Loj < 4 \ m Luo ^a . j 0 , 1 

i^£JI iJLJt CijJiS Idlj .Sdd^* 3 j£s <#> U^J iJLJI 4 

ld|j 4 4 Ij-a. (jjl A jU a II 4-jua^.iL^ (JjjjJj jC La£ ^ UajJLl (J-aLcu^ < L a. o lj 
CjIjLlLo)) J^j j-L (jC CjliLcI 4j^l 'JLfi ^jiuJj 'bLol^ > — Ll^sjJI jl^ 

44 

^ ^ 4 ^ 4 44 % % 

lj| tdlS j JlC Sj^lx. .Lcjjij j-o IdA Jj.jjkjJI ^d£- jju-J jVua . i((4 j0^ 

j jl tj-uLidJL ^JL!Lq tSddawja A 4 ^l0 ^ iS\\ j^u (J-C 4 ajgj j-a (Jc-Lfiju ^LlcuJI 

goljlll (Cj|^ N 1 -v. 'Sl I jj*£ Jj <4 -i£j-uoj 1I 4jJlxLi.a^l (JlC ^ijLJI 

A> J -a.*v i I * Jxi 4 i>a 1 -v I I Ji 1 a /.til /\ . _\ 4 t r j . xaj ^ Cj'^LalLa.l 4jJLaJ>l 4 j^Lcl! I 

ilLJI jj_uu 4^^ I (j fl 1/73 j^Aj 4aCj-u4ijll 4aJl ■ cTi^ lj ^^cjxcjil 

44 

Q*jl a" aAII ^jjQ 4£uuIi Lgul J-C L^.a.o JjQ l jt.1.,1 1 j 4 j. a^ . I I 

cul£[ jli .dj Lilli (J ji^JI 4 -jjL\1 ^jLJI JLu jIjJI ^ j(j o il Jumj 

Cul^j tl a 1 L\H Cj*^Lv JIoj ^jJI 4jjLutll Sd^jlJ 4 JUJI ui^uJLa Hi 

' %4 

aLLiU 4JUJI ol^.^k."Lo v ( oul^j iO^Ldl 6 dc 3 5 j d,-x a A 4 j i^LsJJ 





c-Lij-LS 


^Iklll 4JU 4-aJLo 0^1 *Lfl_Lfl 6 J«A^-o p * Q B 4_t_uslAJJ «II 

*il 4 jI Lo^ . 6 Jl>^JI (_£J)Lluj \Ci\^ <Z.\ t-v ^(X — CjXliVi ) I + II 1 

*% ^ 

Ajblu^j^ t<^jL3hj 4.juo5^ <JL=h. 3 <Sju=». JLc. til p 1 IVtll j| I ^LUaII 

tV{ _J Lj^I^j II ^l,l r\ il l *i!^ iX i{ — J LiSkl^j I ^ UqjJ I *i! 4^uaL^. 

(^IjJLj^ 'Vij Xli 4.J - l^ . L V-JjLu^l (J-CLXU-l *il CjLi^IjrUI 6 J-& (JlLo 
4-J^>]oJ (_£jJ (Jp*^ “iUjJ .((djLuu 4.1 la* » ^a.mj t4_xi^ 4JLa* ^jx> lc^j> X £tjuuaj 

O i J,*v fj| . 4 ^£Luj u* ^I^J I cl tj, i q II (3 |xll=kj ^1 6 ^-iotja ^ ^< S' ^Liaj ^3L\ \ 


i&i 4 ^qaA I I jLLj! (3^ ‘cJLLLI (J i-i «n (J-C. iLd>lj^cu >4 ^ ^ ~~ d iIaCl 

4,a\& I I <Jx J u3 a j. u > J Ll^uI 4a\ oj L ou^j) 1 Sj^-u^xj B 4j<^>LaJI 3 a -v"^ ... 

• ijjl jP 11^5 I O^LlaJ J) 0 ~n ciLLauJl ^jh in i .bi 

Lfl^j^ua^j l)3^ I (j J> O^Oul ^jJI Jlj^_u1j g-fl.\l 4^,.\ 1 1 4 % <in II ( J-<\ 


. 4 tin 1 /n I jjkt 


i^LJI Usul}\ ou Jk^JI IflJ^U* <> 31^ ^}\ 5lA I ^ iJLl^U 

H *» 

4_i jJ JAJt a 4axq JL wmI I (jlx d a fl il 1 

^3 't)j -£*■ 6* Jj-Lill <Jlx 

j U^J j 4-^^ J mM *t o' 

«* ^ ** *i 

jrX Jl 6JJ^o 1-^3^ 3-° 4jl ^yajLu^.^.11 <JJLaJI 


4_k auau 4^o^Jcu-oj 3 1 * 1 a iOj^ .^ojs^juS • jjj z/s. \ . Wa 

^lia-o Jj,X^ 3 4JLa. 3 -0 3 -° 1 A JJ ^ 'ill ua. * 

f*j > $ q II j g 4jauaj aIc . JSI ^^juhj Jl Sj^JJ 

tilLLuU Ca*ilL^ (3 aLuuA^II 6 J JJUyQ 4 A j^Uv\j d, t in'vll tC JjLlIII — ^till 

O Lo^I^.xl I 3 4Xa j\ 1^1 4j\.^k.Ni.All iJLliJI -A **3 * 

i?u IcLujI Jj^l Jjlj 4 a <a"vll C*l iag^ ill <jl Lc^v ioLaxtu^JI 4 jJj^ 


gtlli J "v 1 1 (j-oj .jruaLl*JI ol Aixu,^. CjUoj)^ \c\ jUcu ^jjQ ^klx 

3-a IjA ^LLi JLt Lfl.ua Ja'i <n a ^3JI t4_Jj^jl CjLoj) I^'al I (JbLau 

** 

^PjaUI oail^. I^jja illjJ OalLaJI I^yo ^_uj lq jjLLu <4 « 15 « II 

.5JUI <gL 3 " iHA > ch IUv (Jl ^U 0 J 3 


NVT 



0*^ 1 ^ *CH 4 J5 .« H 


4 > -o ^ n ji*c w i jl^-fll iijLfl-o 

t>JjuaiJt (Jj SM t^ya jjLoJI J infill 3 < ?^jjJ 1~4 ^1L *.JI iixoiJI J-c 

LJO 4jujjLuuI 4 fl-LV-Vi jj>.jj jl flUiil 1 1 >1 \S.I1 Ijjfe j-4 

(j! 4 -jublj^fll J 4 * 1 1 ^T-O ili ^ jiLLtu! jii .oJjLuuJIj 4jJ 1 A*i-> .^U I I 

1 t *\l A. 1 1 d a jk*LA J ^l A. ^yQ U>Jaiuj (j£j-2h-J (( 4 j un5l . l l 4_j.il <u^ ,1I CxLxIoaJI » 

CjLxIojJI J^C. d \a \ ditLQ 4 -laL »!■> 4 ( 1 a& Jjj La <_jStl jx (j° ^ ji 4 4 _i4_l^-*J1 

p .^L ij .(roi_roo ti^iLua sm v ts£) ^jiSn ^jjiJi 3 oi£ ^i 

J=J <>o 6 JOa1o cMj* <i (lajljUL 6jlc j^-jj 4JI jrJ-iu ^Hl) dLLllJI 

P F 

(3 4iliJI o l > 1-iiW l jl jLill {jJS :4_lxLojJI qLxI&aJI 6 JJfc f-ljl jA-aJuflJ 
lAfl-lj .4 \ w^-xll WLkJI Ja£. ijjt 3 4jjju£*£< 4^jJoj 4jlaJI jljd^- 

uK) cdjL^ i!U 3 oA? a^J! 3 f*aJI 6 ^ ‘oA ^ 1 

4 * * .^r 4aLLj 4 3 \ Q\ U CjLuJlU^I /jl /jOjrLfll Lfc J-XJJ i(0— ¥*\i Lx ■% fl SM 

JJjlI 4 . s~\ j \ Q n cLLa»J 4JU AliA <|j_ilj tdL L mJ 4-lL^. 3 6 J ji-Q 

^LlalJI ^ ^<lj ctLLau J| jo^JI 3 j . 4 ajju3a J 1 LxbLLJI 3-0 (J^L^ 

JfcJi Ijl JaJLfl (—jjL^gJl Ijifc 3 (jl 

SM V U£) «.J££ £11 ii^lo ^ jULI ^1 i^jliUl <> U 
3 jUlc^l 3 Oit L IjI J alxa Ioa 4^1^51 J (TVT 

*T ^ * •* ^ ^ * ** 

J — jlll lu ..M l, LsU. .iiiiLftJI iiiuo^il ^^kUa *jj± 

«* s -r » % w 4i 

jn \ Q 1 4_XjLau31 Cj I JlLoJlI I C j^-iA 3^3 t4*jJLxJl 4j^^jJ ^jLfiJI 

, ^\cl d xa^J ^ ivl l CjI ill 3 cLLiuJi 

U Jl 4 iL-i^L .(A-HV iKLu, SM V L£) f^JI Sjl^ 

F 

JlxU 4^W ILlo 3 4jjQ^[ dJLliil (J.i XU 

6 JIA 3 i\jS> JJ>.^J ^1 4jJLx53-uxLI a^JI 4j^>laj ^ya <jSL^ t 6 ^-oLxil ^Jl 4^^>iaj 

%* 

3 6j5xi.ll 6 Jj 6 J^V> < 2 ^ljll 3j *(^“0 ^ - 4U - fl - ^ 3 (j^LxJ 33 “^ 6 j^flJI 
((OR -x OL^Iil 4 JI jU4 ^jll) ol^l^JI JtjAi^ll 

A 4 I I II ixxilj 4 a v-fl jLxxil 4JSLi j>o OlXJ ^Cja-dijU Jl jAJk.^1 
3 1 4 5 \ 5 -V.J 4 \*C A 1 1 A t Q 1 1 Lu JjuQ j X-ajlj JUclX jjQ 4 la "k-Si.A.1.1 4 LUJI 


>vr 



(Jjutil pLsJa-^ 


31 £a*ja 3®-*-^ 4j>laj 4 a^ 4_a£. ^A£. ^ 4-iJiiljJI ^.iflll jl.nVjl IjiA 

Li3j^-a. (3 Sj(-L2k-ll t^iil Q}11 > <a!ajJ> 1 Jld^JLl iLLcJI j\s- 5 j^ LUJ I 

diljui) (J^ 1 <3 a 1 1^0 1 4. A * -3 Ip I ^„\Q 11 ^LuL2fc.l JJLJj} . 4 \C_ |p | 

J 6j^i Jj}\ 4J3UHI 4^JUIi 4 a 1*3 J tL5 ^JI v Lu^JI Jlo 

** M Vk 

SM ) 6 J>.lr->..^ « 4 ? f>:» » (Jjlo^aJI juiL t 1^-11 d a 1" -X 1 1 

^_A-> \ j.y 1 1 ^ Jj * — S^-uj OR p jrv-fl-i ol^ < 4 a 1 1 1 3 •(V'O^ 4a^_£Lco 

. 3 3 » 1 1 U1 ,m\1I 4-uLlo^JI j^C. 

^41 La 6i i-Liil 241U 44^9 O- 0 

Uj Ly . I c L 4j loa II 6^^-fl — 1 J o c A ^ ^ tl^uj — JJjjLJI f^yC, 

g-pLQ (jl J J-UJ .4A^ppcu^l 4-pfc.llll 3<s <1x9^ cl Li-ujLujl l*>J ni 

lj LS^*^ ^-cuilL) — 4ai 333* Jhi: J-C — JjUl-g 

•% 

^^Lua^JI Q% p£- ^ mflJl 3 jLliil 4 aA l jj \_a 1 1 1 , Ua O Ij^-xuiG 

4aaLoij*. CjLxIaC. JpU 1 1 £-J p 4 aA-p O^l^SkJ 4 aaa£ja (J«oaI 4 ^ 1 Q * 1 1 

SjaJa*. CitojAa i -Q Lo ) iQj^ . 4_iA_u3Jt Jl U'iUJI ^)-P Ca Lc 4 JcxaaI^j 

j-ojIj 3^^ J-C- ( 3 ^ ^ JajtjrvJI — Ljljjai 4 ilo a II ^ <nfl" g^oljp 
Cj^La- Jlji=k.l _/■ mfl~ 3P 3 ° — 4aa£J I oL^xoUajJJ jrLai.1 JjJjtU!^ 
4 aA^ U11 4 ] n\ ajaJ I 0^1 J-sJI JLc LlLuj 3*Jh J-lClxaJI I jjfij jrUI 

.4j^flJI 0^11 J^JI J-C JxiJlj 6i^> <( N — t ^ ^ailSJI 3 4-ubjjJ»_Li 4 iM \ j toll 

‘^^3^ 1 ^ 4a1aaJI LaL^ Jjfclliua 3U ^3 3^J 

ttllij 3° ^ 4_lu<^ 4 ry jK ^ t 1 4 aJ Lj^aAJ 

<4AjjAfc. Sjja^xj ipljjA^ Cmnl 4 jlsJI CjLjI^JI ^j£. Ja^jaI j 4 a mU 3 H 

3 ipljj oUL^JI Jl 4 1.15 >11 jjpG I43S! I3ii3 

^fAfb 4 aJ^II 4aLau11I 3 I .IajIaj I 4J ^pLjpiJI C-Lua3l t£>£ 

M ** 

3 ^- (J->Aj^ ^1 4 \ j. !X \ ^ J,A>„A,i.i.u ^ J J jRj 4 ,7iol\^ll 1 ^ j U 33JI 


a 3 ULA ja nifl J 4 . 1 1 a c &ljl l^i-u^^j ^Ja <4a15jl1J ^jjLlu^I ^ j)-S 1 

^ Ok 

4.,vlfl,aJI wnl 3°^^^ 3 U I 3 ° 4a t^JLaJI 3 4 %I5 a 11 oLaL^aJ I 3 d 

.^ 3 uj,i ^ 3 ^ 3 ^ 4 a_jlIaJI 

00 ^ 



r>W bil 4_ilS_aJI 


|V*C 1 1 4 _i ^ lA\ j \ ~ a ~ m d -K. \ , A IjX ^-3fc-l t M) 1 niL i ^JULfiU Jjl 

4 >11 /\**\ -^ 1^ i _ ^ 1 jrLil^ oUa 11 l^g ilLJI Jj-fl ^ xLfiLa J ?v j < u J .jLlal 

Jx ^Lao-t IjX J-oJtJI jUal 3 s > A -*33-»-flJI 3 r ^ =i ^3 JLfljj^l 

p £ c- 

(3 i C j Lcu-to^J I l ja. :LoX ^^jL.*J1 3 C ' LcuJs! Jl= 3 QylaJla-A 

l l~i 3j jAJ I CjI^ 1L} ol^jJLj O Lj ^U 4 \ i < 1 1 \*^LS 1 4xail >0 11 ^ 1 
1<C t A t \ t jj*v 11 j 4 ,i.q|£ 11 4oj ^$£J 1 KjuolAjjJl 3 <Cj^LaJsi 

.j^oSJl Jl^cJJ iaL*JI 4 xoill chromodynamics 

«% 

3 jyL*J! lajl (JojQ LoLoj 4JuLlLo Cj Lls* 1 J-C. ^£31 4y^la-» 3 ^- ^ , s 
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Hamiltonian evolution laLfr j^Jaj tijA^a. <jjJ pl xa^J^I IaA 

** 

i jiljjl 3 JL>Lal ii 3 ' -^l/Lll <3 H 

^ M 

4j^Joj LjJ ^kAflu ^a.^j <4*>L>La. Ifl. ilc ^-fljll ^ISLfl^ll Laj^ 

. ( ^C^jua ^11 uiaj ^ILa jv_s J_E3 L^J'^La. I ffTi au -> 4_L^a-fl. o 

«% 

^Lcjj_ 3 ^>0^4 Jljl^^Ll >2^JJ ^J3 o' 

«* 

\ \*\ 1~ U \ . 4~\ vi l . a is-\\ ^ 4 xaJl 1 . ^ j^j 1^*1 La. 4.a,«.u LxJ I 1 • ^3 ^ 

^■1 J\l\ Jx Aa.1 -t ^jJ <(jl j) \*wll jJ^ajJ S^cJI JJa 3 J 

^Cj wiii aUj ^aj Cul^ cj[j ^5^ <6J ^ 

6jjaaj ^j^J.1 ^>5 *4 jUJJ ^ryllJI v . ix a. ^ 

* «« 

<a11a£ 3^ ^1 4 JclilJl ^a>LJl JajIjrUI |^AC ^jC Luj^a-j 

4ja.La. IaI 4 Ls 0 j\^uiSLi * tLt/m ^_luJI Jajl IjrtJl a AC ^Li 

' * * ^ *4 

^ iiil^ 4a* jJ JlC ^Cjoiajll Jljl^'ill pJ Li[j .4 aa^J 1 4-ijjUdJ 

4% 

>?jj 6J ejf ^ J*A; 6^ e -^"' '“ i , 4^>?- ; ‘ Uu ^f s &P 2 4tyt*JI *j* 



^kJLxJ oLi-ol^C-l 


Lo^-a I j\3tu Jl <jl (3 4 _a_»IjJI h_>. 0 I A a \ 

Cj\ \ xx kT^II J'iLk ^j-o 4Jajljr\JJ pi fl 4,11.11 3 ^jr^Li (j^ Lau^ *£tll J-C- 

g, 

IjLA <jl jSxi (j^J ‘£*-M JaC 3 ' ‘S\ <^> k~v -o Cj juA ^*u| <£-5^1 3 «4iLij8jJ1 

f, p 

t^X- ^0^11 (J I 3 CU^ (jl < JJJU JJ Jala-a jrLC- j-O^I 

P P P P 

oLoj-l^lo £11 (jl ^)^jucuI ^jl ilakcu I .cJJjSk O ml £jJaJlj^ 

aoc <jp Jlji^ll j±yZ 6^; 

' «* 

4_i4l^ 4 jC- u JcLfluJI ;»■■* Lu < ii j ^jlfl LaLau 4j^j_*>a Cul^ I jl jj l^jlajJI 

«k ^ •* 

JljSi-^l J ^ ^.jjJ &JHJI i^Jlj .idibJI ^LLudl *1^1 j 
jLaJI (jl Jl jylu Jj^ i^ub^i <j^ La Lc>> L?JJ^=> ^ 

*» 

*t$^» L?^' o' J^3J ‘C£>=0 .(jx»Liil 'iiii L yxx] 

•* •% ^ «* 

Sj^Lc .jjijjxo^ jl fl a. JlC. 4ut^La-a j^-au Irtfl 4 4^^JI CaL1jI^JL» ^^Lk- 

<^ 3 " jy^ Jl>^ jyjj fO ‘OJj J-P 

M •% 

4-ujUJI j,lj j-xJ ^ji I j,l JJ. L$^Ki OJj 4lJjU^a <jl l-uU> Jl 

«* 

.i3*lx 1 afl \ u jj^So (jl <j-a Jj ^ dLljJ t jkl jkl 4 *a£JI 

4-i^Lii pjojllll (Jd) J *\ \ Lq JxC J’LujI |AjJU J-*-d)l <5AA^k-tu 4-LuXi 

Si^aLk. ^jJI ^\ j| i^jJI jj£. — frljjiflJI a!*J jjuXiiJ.1 

M «* ' 

p ^ 11 J iliA (J^«j j^^Ja ^j^°l '*^1^9 *^jL^I Cy 1^-ujLa 5 ^-iialLtaj 

jl ^1^ (J^jJI Ijjfe Jjfe Lg-» 0^5^ ^Jj-ojj Lu J 0^ <I»AC- LajLa 4 jjC. Jlc 

5? 

P P 4*1 C- p P P 

p^jJI pl^jJI ^)£- O J.a.3 1 ^jl Jx^xfll Ljli Jj-a-o 4^1 ^1 4 jIJu 4_jjJ 

pl^OJI 51^1 ^ JjJ Luau j^jl t^jLkJI (j-o L^uilii 0^°^ 4-Ajualk. Jjlj 

Sl^la^o JLJI oxj^J I J | x_iJkl ALU ^ jl^k J-C 

u' ^i — gk jtainl l <UaJ J g-*^' 0^ — 

LclUjJ II pl^jj p^^>iuJI pI^jJI {fn JjL-oli J^. 4>^3 ^ Jii ^ ' 

^1 i \ 5*ic.l Sj^j pI^j jliic^ll J iA\ ^1 LjJ IxilSi (jj)*^ \ u) 

jL^-^ J-C- (J^J^II 6J^J ^-a /sKI-v ^ Jjjajaiij lljl J 0 -uj ^1 4j&U 

jj p p ^ ^ 

I. via a (_yuJ Jk^J (j^l 4 .Llt> Cilj j^C. j-a'ill Iju^J Jj^^. 4_aJI_*_a jk I au^ 

.I”! X (JaaJLi 



JiLxJ! *L»j_LA 




^J- 




i^ji jiuii Sjiiai cai^ jii ji <>^1 jjj ^ <> 

6jjiJI C > . *JU . I j tjjKlJlj <^yA Jlc. SjjiUI dJj (J 

p p ^ 

*- > ■ < * ^1 l)A$^ 4 j i O j-fl jl lI>£ 1 6j-o dJU .4 ju-oLj^JI jJjlxuii Jlc, 

JfS pLLJJ ^j^LJI pISjJI jL 4iljCLo AjoAaJI ajjfc Jl Oja <4luo u!j 
IJlA •4j - uol_i^J1 4 Jj^J1j Jufclj^JI AjcLw^J LiiJ <1^1 w~ /,>! SLjl^J 1 

^ <j-u-iJ ULu>.ij y * * ^ * LU ^a| 

. 4a£ a^L^A 


g>"» H (3 £-* ji3l *J Ijli iLLJI CiljiiJI J O J jJLl 

4-1 (_j 4 4 ja ^1 1 4 J 1 jJJ Lc- J) . ^ ^ ^ 1 1 d Llii J I 1 n,»j L^a 1 1 i^iNl 1 j 

«* 

fjA 4jl (Jj\ jSlIj ‘^>11 4jlj (JjoC <3 H$ J 

4*^1 o' 







^ t ^ 

Cy> J^J .pl^ol i>£ _a^ o^ J(T * <>'* J 

♦* ~ « * ** 

% ^ P Cr 

3-° <Jj^ jjp c-i jj| (3 v_xj! ^iJlj LajjjI ^hJI CjLLlLxjJI ^Uu jjfl \"\ tt i j 

^ M M 

p s 

.6Xa* Jlx. (J5* <^yfrjl.fl.jJ*j { J^c. Jji Loxa^ .1 jJfc Ijj .">1 U>^Nl 1 1 


<^9-®^ j¥ J* 

%% 

.klIp! ce <liJL IJjJS olfl_'la»'i J( j! ^1 Js! (_p^j .iAuJI j 

•* «k 

4-JjL5JI 4xu ixfi ^X. jj^jrULi — 4jUi dJj £-a^ .8/u£ 4_>.j J_i 5j-ii-o l$J>! 

p p p 

jrj-ou IjJ a*U t U^ !LkaJI J-.xjwJ 1 JjLa.1 Lajj — (JojIjjClI] 

•* 

t L yj lj,fl 1 1 4>iLLaJI 4 i„l5 a. 1,1 4 li oLLOJl JjJaJI dlUx jl 

4j \i u~\ II iijJLll ^>i ^x Ll^>) (3^^^ <LqLqj 4jl-o ji3l Uli 

^C- lii-% 4^a^l I pl^jJI)) V-Lfl jl 4 ju3»^)L*-o 4 xjjja 4 aa 111 a Jflj 
« ' 

p <* p p 

3| Sj-a SLpJI J Utk (jl 4 \K. a i 6 J^£La_* ^jLmaJil Jjl C£^ <(££^-5-11 

4ji^aLaJlj Li\a a 3 (Jjrt-tu 3 ^^ aL5JlI 3^ .4oxl^JI 4 _lLLaJI 

#♦ * ** 

3^-1 4«Jj[3^)) 4ju^a^iJ ill fl LL o (3 4J»L<i <<(^fl-flJI» 1 4 a15jl1I 

(j^I 4jJctiu L^Jj) 1 jXjI 4_aljjkILtul 3^°^ 4jULUL^Ji ifljJLlI 

P C. 

tdlj j| ^1 ^ Qj ut ^o Oj) ju^i t i,u -w^| I :<JiLa 4 ilflf. ^yd I 4 -iA jI *1 

^“Lmslxo 3 v ,;■ w ^ c-jjiui^l I Jj 5> ^al V^.nl aJC 3 < k l-tAl 1 1 J 33-^ 

^ ** * ** S ' ** * 

p £ 

Lo 3^5^ 4,i^..vfl rv CjLg^Ijco 4j I LJ ^AO.i II \ dn L.n 4 -julxJLs ^ J 4j1 





* c- 


Ijl 6J-\Vi (j! 1 n 1c, fcL^jl (_^l 1 yuLi ^ t^C^JI *-o Lllxi 6>.kxj 

. 4j_ll»jj ^ aJc ^ui ^ ^ ^ d>=UU J^Uu US 
%» 

0) CaA->^' LAf Jv^ o' (5J^ 

oJ HJ I J_u^aJI 3 l$_» ojlajlxuI ^ I d> L^iiri.u^l I o^yA uul Lo Ijl < ^ t, > ^ ^ 

«• 

S jluu .(>1— >Y uUo^ll Shadows of the Mind ejLi£ LkJ o^') 

5 f* P £- 

^ <^>U 4ji^ldJI o' S? *150-=^' 

^1 Cj 1 j 1 ~v 1 1 Jjl nA ^lJ ^lAaJ ^Ia^J *3 UK (JjjuJ '*Ajj T *' <<1 ^ v ^ 4 la Mil 

3o .^jLataJI LubJ a) 1 xO^JI fj^Aj 'il ^yC^iJ 4 i-v jUJI 

%* 

J&i\ 4j.,l,^l jJI qNK < m 1 1 5JjLau-o 3 JXqlxa ^ ^gJOA Ajljrt '"j ^jU 

(j-o <4_j! JjJI 3 4JaLuju o^l f-^L ^oC. 4j^l t4-La.ji.l 6AA <3 4-j ^jljuo 

** ** ** 

djiaJI jl^l 4j^A J ^all £>> fn$i iljUk^a JMA. 

cryjjlil' £A^ O^ ‘o^b LT^ O^ 4-^1# ^Jjju jl 

H «% 

j ^,2^*$ .il».jll 6iA .Ut ^^IUaj cjjJI (*)j (*_>) ^1 (g)j (I) 

^jjl 4ai£. Jfll ll (J-oj <li& jJSl^Jl <3 ^kiijJI jA>> j'o^i ^j^oj 4Ji I oUj 

((Ja.S-'Ij Ca COm ^jJI ^ A ^ JL ^ O-® (^' 4j«i^ljca (jSli JjjL^.1 

ola.UAJI ^ dA Jt>> 1 (jl <jIja]I 3 lAftJaA&ul l j| Lulj o^j' 0 1 ^ ' 

«» 

Jjlcujij ^jJI JjJju JaC 6 jji Jj£l ^LU^il i 1,1 < 

.JjJdxJ) j-Uilll IjjuS^q Jya 1 oNi Uv^I j_i>_aj| >>L^AJ! Jl Lu 

yi3^J aLs>j tsS^A 3 -^ c^ j j 3! o^' ^Ubijici 3 

t^-Sl^JI 3 Uj LiiiLo ^ 4il LLx^^o *Shadows of the Mind 

(jl JAacI ^sj A jjLC JjU 4 \d tQ -v. 4 Ij I a 4_i| ,Jj_il 

.4 < n\<\ 4_Jjl$LLc> 3 J^aII <_ Axullll jl^II ^yJk dl-vA 3 JjLlu^JI uLsJUa 

«* 

Lo aLu^j oljLflSjl (jl 31 J^Aul ^)t 4 ^jx> ilsJiS JjjI Ca j£ jifl 

^1 I *a ^Oflj Aj'J 4_udLS. dfliAi ^~'~a %l .A jjij . 4 t Q Li_o ^ta" ^Jt 

Jj .UjUl ^1 oljLSjj^l j Lg-ljlU ,^1 V USJI JJj 

«* «* 

d a I" A. tl oU^i-l ^>11 ^j-a JJt l J_C J^l > m t((dj^ai» (^ '*' U 

IIa ,j! Jalj , Mj.^a~ Zjj ucu Shadows of the Mind yUSJ 



A— J j 


JlEIc.1 (3 \1^$aUuj 4x13 {jC. ^ajI ^aJI JaLfl. ill {jC. JjJI 

^ *• ~ p 

4 ilc LflJI 4 _»JLj 4j^jJ Jlc <4 \ <hLajjI 4Xj^a t «J Jjja*))»»a 4-uaLkJI 4 aju^£lII 

Jj !- > ■ # ^ LfcjLa>Al (3 ^yjJjJLc JjjJ-u <_)jl»IaJI jAaj U* £-* 

4 fl u~ i * 4 "vj^ i ^i 4jjLa-o L^aLa (jjoJ>l LaC A^-I^pl <jJ *j-o}!l 4iLiiL* 

m 

P P 

•t fl Q jjl I # ■ * a JqL*aJI (3 4a j> * « <o ^jiiLlJI jAxj 4fl ^.l^o Jj^J. 4 juujLluI 

^jjl frU^AiJI p Ji Jx IaJja 4- <L ^ ft C>Lo j)l» Ai IaJjJa L$J J 4-a^J.I 4_Uva V 1 1 J 
^ P ^'^2 L>^ l»4X (jl £-A ‘(jfpJJ-M S ^ikUa ^JjoLtuI JS AAA J A*i 1 I 

.jj^hJU i,L^l 

» • * * f 

i ^ aa! Laj^J ^Ul 4^l_auj^|l JatJiuJI j-o 4 jlujLujI 4-fljuaj Jib I ^Jul jJLjxI 

** «* 

O L£ (3 £ j^-uJ ^ 0 xulflJ I 0*\ ill J jLuiA 4 a J c J^P ■_* A 0 

‘^lp .Shadows of the Mind jl Emperor’s New Mind 

X$ J fl->H s 3^ dUj £^9 /£OjLu4^|I lAA-uJI JJLl 
Ja.L <L^jus j ^jijl 1 (j l , 3 .^AJ LT*^^ i«L»JI jAfrijI j iilix Kj«Lo <j£l 

(J ^ aiyaSi Li .panpsychism < (L> uiAI J«ui ^us>ic» Jl£_£l 

J a . L x. i J I (J I j j JLq ciVs JIaJLj (JajlouQaJL ja^ajIjJ J^r ^1 1^31 

** ** ******* iT •» 

P P P p p 

LT^f>° u' ‘L^jp- 6 Jaj j! ^>0 4a ji (g±A Jx. jl 4"i^ > jLc. 

P P P p 

JaLfiA 4 aI ^ J < J l ( i l l I < ^A 4 ^-jlXi^I LoC. IjAJtA ^j-ujJ ^LxJI 

Lftj JajI^JI £^lsri\ ^ JX (J| I >4^ tq^ A 4 -l^s [jL Sj J- a> A 

.^Jal^JI J 4 a ^jAaJI 

l^-ua jX ^aJI « 4a I Ja^I » lj jKil)) (J I J^- 1 < i^Xxjj U P^*^£. 

^^[3 ^>iklla $ 4 1 a~ -v a J . \ ^ 4 i^s l d a i/s < d "\ a Ni j,\ J 

4aX ^/uxa La-o Iwi^- <_aa^ 5 1^ 4-tfl I Jja^. 4 ^^j J I ^jJI P/^aJi 

^ TT w 

idjluALiJI Cj^lLfc, ^1 ^ Ja^o ^aaI ^Li i<JJj (Jl iflL^a^L . Jj j.,a) ^ ^jua ja jaa! 
i!L>. Jl^iLl j (j /TjjxJI JIaJI Sja. aJ 4 a j q . allr>V.ll 4 jl-oj) a 


http.// j'* i * £s [ OjJ^ J J J-*- J^c Jjyyf\->ll djSuu^ 

fi 6* 5_,jLua iXuii (jSlt ‘psyche.cs.monash.edu.au/psyche-index-v2_l.html 

.(\^^*\) ^ ij\ 


\^V 



Qjk* \ a OLaJlj (JiLuJI 


4j3*LaJI Jl£. ^ I (3 <4jaJj*^a aJ ^^-ijl a-qj .4jla^>~o 4.a<^ 

p P ^ P P P 

4^1 JlAjX-I ^li 3 4 ^lauLoj 1 » 4alIL*JI ^-Ajusj <j' 31 

O-o La p jli 4jI dLxu Lajaj »3 \ ifl " lj-A £jja P C5^ 4-a*ljl 

4^2hjJ 1 fl y]-> JI^La.'^Ll OA^ LuaJ 4-uljjJI 4 A.lfl xJI 

M M 

Oj J J -^^1 «4jjlub» l (j Qj I o ^j 4-Uiu o' O^ ‘t50^ 

iT ^ 

£-a SjLLcua 5 j^_u^aj Jal jj" a . -lA Till 3^* 3^ 1 ^ £-a jLouj^II £-tulj tlLLuu 
— ^t-l I 3 Lo£ — ((oLojla.ll 4_2>J L*_a 3-^ 6jjiJI» 3 -0 lM-o 

^1 Jfl aC.1 j .4Jo^>JL> 5^j) i^aj 4.A,J..v,fl.rv 4 jJl2lc q iV^ 3 ' o^J*-®-^' O " 0 o0^“* 

^Aai Lo>q ijj^ t*i >*\j 3~^ i * ^ O-i^ua c^jl^il o' 31 0^11 

6JA 6LaLj ^iLfl^-co 4 JLLjlLq pIjT * j^olx.1 aJ I 31 

y.^.^ yll d-. ls_.U-, Jx. jj^bJL yUd, u!j .olt^uajJ.1 

ol^ljj^ll 1*1 1 .a. yjSj jjl o-i 4jl yc I <X .1 JU Ij^q y^jl 

** 

SjjJa 3 * <—fljJuJI J^LL ' 4->^ c - J^us-aJI q^-aj ^Lll ^43 ' 

•* 

Cj) IooLjJI Cut^ 1 j[j ♦quAaJI ^lIc ^yd SljiILu.ua 4. CjliLuaS^lj 4 j^-cuq 

o' o-V^ o^l o 1 " ^'3' oLjIaaJ LLa. 4ua^ua 4xa£JI 

«* ** «* 

j 4 juLaj-o CjLo jla.ifl o^ iLii ^sJl 6 ju£> d_ Lq ^Axj 4^3o 3 ' J-L> 
O-o JruaLll IjA 3 — ^IjJI o^J-^' o' ^ 

4-iljloJl CjI jiSUUl j-juca^^ gtjlHi! 31 J-^3^" 3 ^ ^ daAj — iAsUIl 

O-o yuiSLJl > > 1 * n uil Jx. SjjiJI 4jjJj u-j^j JLaJ^I ol -' * ^ tjLLic'^i 3 

0 ^-a-> 4J^flJLo 4.AxuLa> ^_jjl ~v"> cJLlib 3^13 \ 5 Q ljuk £_c . LaL^.*^ I 

Lojj t^iJnJLiQ .o^LLLa^i bjus> 3^Lq u-flLuu^l 3 jlA -"- > >iU o-° o^?^ ^0 

lt^'j ^i'o^l o^f o^' "4h^>?^' ^'jLLL^^II c5o^' p'3 4 ' oO^ 1 

•<* 1 M 

. da ifl lll i-il tn v'Nl ^^^IjrLfllj LLaLujl 3^' o 3^ Lo_Jy 
J^X. a^CIl 1^ t*tl^ >A ^j£. 1^1 ^ VA Jx 4jLual jrLc.1 3 O^jl 

Lo Lculj ^ill 4jjJaj jUol ^ Lh* ^LJI I«1 a ^ <Cj ji^*^ pLAa t 4JaLAJjll 

P P 

Cwnl *^L-ujljjJl o - 0 4j>l jiuxlj 

W «• ++ 

p ^ ^ 

6 J^J pi (3 *yj) 4 ^qj :, n_<j lull oLJL» ^lajlLII o-° ^ jH-l' 1 S& o' K 1 a \*i Q a 






3-c JJ f - 3 La^ — ^ \ a a ..v 1 1 Ijj5> 3^ LojfcJjd 14-xoLih 4-fl-i^j ^ 5 I o 3rLu SjSiJI 
jiljJ) 3 j$jj — j^JI j a ia*"* ) 4 juuaib 4 juaLaJI ^3^! guALlI! 

4 ^ 0 JtvI mi l 4 Jo-ujjJI L^jLltL t<hja£J| ilLiJI 3*0 tiilj^JI dfl jO.^A Jx 

4 i Li^J I ^jUJI 11 K |\bC ^ .^Sl^JI » q . 1 

6^-*f <^l «Sj 33J.I c^UJI» 3I L£ .convex set 4 j j^> dr r , ^ 

&dk ^-* AT^ .icj^Jsl 6 JlA Jlc CjJo 3 ji j^Jj 

♦% * * 

O^A-LiA p L i^*\.i 33 / “*' 4 o CAj t (jj J L c. Cj j ^ , 1 j j& pLu^- 2 a* 

» — 1 iclaJI Sj j) i s\ 1 1 JI3J ^ udv \ I >a ^ iajG (3^ • 3I 1 4-Si Ij^Qj 

p 

< ^ Q (^-uLojI Cjj^JaA pL^jqJ ^3^3 {jjj . ds. ^3 -^w . JA (( 4 iLHJ| 

^ 'i * * ( 3^-1 ^a* - J I 63^3 jJ-C. L^jtLxa Cj t J ^-u j . 4 j J II ic 3A0JII 3-* 3^ 

•% 

&La-j (3iflJlj 3 *- < ■» ! ^jdl La£ <^Jrvs. II Cj ^JLiA c LJva ^ 3 o a 3^, 

IdA 3 1 4 ^ 3 - 1 ^^ (43^ 3I I “ 4 -JjJL^JxJ I ) JSLuJI <LqLj 4^-3^ I 

^\ v ~ 0 -£ ^ '.' ^ J (J ^ 3 ^-aj *-J (j ^ 1 li-A Cj L q. au jJb 3I JlSjlI 1 

waauLIq i!U 4 ^u JaJU JoUl^l ^333^! > 4i^ lids <i]U 

%» 

4 i-uaj 4 -J^aLc ^Jl 4-13!^ 43^3! I ^3^ I j^JI Cj^La. J* 3 * I j_&j d 1 ^ ^ ^ 1 1 

604 ) 3I Jl jjaJJ £3]^ 3I (3^-aXI , 3 -a < y-U I L> 3 ♦ 4 -j 5 v.. l u».l I 3 LLal^ ,J^.lj 4-uoL^ 

^3 (j^ 3^ ** » 33^Lll jLLcJI jx. cj^LLiiJJ PI33 >_LUii II ^jjs oLa^I 3UI 

«* 

4 ^ ^ ^3 3 a a u.L I 4 j iu Lau I L^_i Li <dJ j ^-43 • LflVxv 3^ I -v ~ 1 1 I j, > If- 3 JtH * 

pJ^JI ciij d pUCj^I 4 il die! LI3 

.3SJI 4 j 3 -l^j <3 4 t /> <sl 

iikiJI ^13^1 3I 4 idLa^ Li^l U r tJ , 

n 

3^ -df . J33.3J CUJ3 .3-11I i Q H 4 _iLqC J3 1 jgj 1 3 I t jixu ixJ>(\)£l\ 

uUaJI ^Emperor’s New Mind ^ 3^1) La 

*% 

dilLo 4 -ka. j I33J ^lxL cdUJI IdA 3I ^3! ^| tji^l 33 .(^jLJI 


. I3 3A LqS 

ij3ii gLAlla 3ki (jfc J <f .liUI j 

«* f* ' ** 

dJj^3 <^JI J-j-ujIau^I -icIjiJI 3 -q Jjaj JjAil 


'm 





d \.\ tl&~ 11 ^*C II 4jjJaj ^j£- gufcLili 6 JX ^A-ixu ^oJ^Lojlj jja ^jJI * ijL^jJI pl^a.1 

Sjjts 33 ^ 4^j.^k. < i.i ^ijr\j>i ^i i — a jLudI i<jSn 

t^JaljJI 3j .^StoJI JjuoflJI 3 6«ijLxul (^jJI g (3 \ a 1 1 JdaJJ JouajJI jLlaJ Jx 

«■ £ 

(3 *« ^jL> Lojj SjjjLa^o oi j-Lxak-j Jfljj JljJ» ^ lajl 

.^LxL^'JJ 3^°' bj^LsL* J-iiilLujil 




Shadows Lo^ic (*l ^Wlj) o >*-£ <4 jIjjJI 3 

3| 1 ^ " v o r. 4 1 fnl <n 3 ^La* j) * (Jx o^ 3 -* ^ of the Mind 

•% 

J.C I fl nht 3 (5^^ LT^* 3?^J £*4^ (4 0°l 

4_IjLa_a Lliic juui 4jL> 4fl latlo l V -tl _£jj ^jijlj ^jLi cJJj .>_jIj£JI 

jj ^aJ, pLjjiJI jUel j JiaJLi iiUlil illuiSlI <> 5 jU)II 

^ ol J4®' ^ a^UJL ^1 ^jl j-uaji o' oj-uaJ! Ija 

M ^ 4* 

Jj-o 4jl t^Jal^JI 3 *4-lLuiii 6dA JjlxLl 3 4 , a^.,0 

^.iJj Jut c-ujili Jj^juLul! 3 3 x ^ " AuiS^ll , \jt\\x \ ^jl (JxlL^JLI 

4 fl juo.j dS J Jjli I jub <^jLi^LflJl « ubJI jjx fi> jLojX-l £)-° 3^' 

• ^ ^ w P - 

iSJ^ 3* s o4 ‘urf'j 3 o*® L» 6' 31 < S^L**jI 

!dJj ^ 

4jJI j^xu^j Lo 3 ^ ^jxuJ 3^° (_>^ jr\-fl I ^.Vl*!! 

Jkjj* JLiIa U^i 3 o' U^? '4^ 6 jL^W — 

44 •*> 

3 idUl 3 «^3u^! ^^ill)) Jx. SjjU Jx L^jJjxJJ 

4 > 05 4 fl ji - > l l jj ■is'dc. jUat 

•» »i 

j^JjLluu -3^)*' O^ OJ^ o' 

41 / 

1 *X a ^ hiS 3 ^ «3LaJI CiS^JI 3 ((L^^J^idl)) ptJJa-u^o 4j 

H ftft •* W 

4-ajL jaxll 4.,v L clA.11 < Jjo OOLa Ja^aj NLoj-uixs (j^j Ijl l.X 1 j ^jl 

P P 

L^»i Jx j^al L ^i\ 


r* ♦ 







jLc 1 <^\j Q.xn I ^ijLi <J^ll! Lfl ^ 

** *% 

^ f- 

Lv£ .pLaJaClII^ L^^J^aaII (_jo ^ULa jl ^>A jk fl II 4 j2 , ^LlJ1 ^ ^^A_a La va 

L$J O J < Ca Ix^juo^i I 6 jx fcLso 1 ^ a j A 6 jAAo L^J LAjI ^£^1 

(3 Lt^xLiU JJj (^jlA Ijl 4juL^jA£ 4jLiAQ ji Jx L^AfiLfil ^-0 ^ V I*v 

%« ** 

^ y - L?fc . t £t-oLjA Jx j^JLl I ^AaLaj Jx» :JLuU JJJ .aJlSaJ! J A Q 

** *+ *• ’ 

3 - '° =* -' <i ‘CA^^Jje^J' U“^L? *£* LiJ^Liu <jl « . iU~' ti u Jy~a 

J\ JjiZ ^LJjlSl J -Ulcl ^1 .^SljJI j 3 >u r AilJI 

f f, ^ f- P p £ 

(jl 1 U lc . ^ A l AJ 4jl LuAjI jXXjljj <4_a^jr\-fl_> L^_»1 j.Ut Lcua 1. Lv , V/nJv ^*-oL^j 

4AJL» jA L^iA 1 1 (_>Ajlj Jx dALlua J oL^jj Jx Oaaaa 

5 4. LA^l 1^ LaJ IA.O 6 ALal I 4 .UaAJ 1 CAjJLJI > t-.v l"i 

liLLiuJI o^IU* jl (3 ‘Sju=*.lj iALi SjI J£*J Jx liSbjljALa»l^ Sjx=* 
C^° oU*l-Laa Jx jl niAA ^U Ijx* l$J ^JaJUA 3JLJI 6 jx *J 4 a1_jAjlU 

•J^lj jl j iAx^jJI L^lAJ! <> u-ftT 6 JX J^A~~ jl JAL-J.I Jaj <jil 

4- *JLa 4 i.U J 4 iaj CjI j 4 -aa^1 ^ t v ,~«l i <J\ t6J^A ilL* ^x jJ^ 

jtoIaJI Jx S^jLj ^_jjA jr\JL 4.fl.AA,u> J JAa Loaj — 4.5 jJI 

jl l£j\ ^ ^jj[-j <(^jA.I 4 aj^L Ja .4ajuu^xJI cL Lilli CjIj ji Jx SjJL» 

JJLAaJ 4 iQ \5-v 4uuo ji 4 _aI ^ 4aS| 4jI j J jlAxii ( -A-u^jJI 

•» 

Lij 4jAxiJ.l Jjl5 Lo 4 i l uft AJ^JI o Kwnll jl .c-A^UsJkl Jjj-ll 

* jj J — Eccles (^i aK Ij Beck ch j-o ^ J 15 I L^ — I q ^ ^ * 

uillAI ^^LAJI JAa^JJ 4Ia 5 Jl caLaaA^I jl ^oaa 4^illl j lij^ 

** 

6 JlAiA£- CjLajAj_> J Lx 1 a ij^ 1 1 v 4-a^lx l^J <\ . v j 

JLaAaxu^I ^J-L ^pJI (oLa Jajo) 4 /ilqa ^uLxll I jx Jx ^^A I 

tijtxJJ 4 J_u£ACLq C auaJ L^-uO^)X I ^1 £j^ i^v II ^L .5 I 

*» «t ^ 

I 4 AIJ <l^lj ylll ^>^1 ^AL\ ^ 'L^ J& l^l J ^ 

p. p 

ijLill J J_2^A5 C-A^LuaL L^J'iA J>Q J^l >L=h-A ^AiLkJ JLoAT^i Jx ^Kn 

v ^ ,r «* 

^1 <01 Jx Jilj! u!j .^^UI ,> ^ Jfe j 

U T ^J «4»LalAJ!)> 6j^-uJ! J^o cJjLfl'J jJcaAxuj jl JaA yuAJI ll*Lol JIjJ 





J| Jj^JjJI £_£ Jjl — j 3 a*j j*Lo^!l Jj a. 10_~\ 3, 1 ^jx> ja ^ Lljl JAacI 

.J^l J^-A. JJ >1 c-^jtl tJJj ^jl jj *3> A L>^ J S JJ-AX CjIjI U"wi 

+* ** 

lSJ* JJ-^' Jj^ e$^l3 J 3^ 

*• w 

1^,1 AflScI liA jj .(JLJI Jl ilaLSJI tS>ki i ^ ^J^ill J 

3)j£-> Jl5j .L^ajI£a) J S^ilJLo <iltlA 3)1 JLc. pLjacJI JJ Lojj 

aJLaJI j»JxiJI <* j jjlj IILLilIo 1 i?\ J 3)^3a jja / 1 -v t -v . ^ I3 a 

L$-xi LiJLxs 0^^ 1(3 fljaflj ^>1 jJ 1 1333j J Jj^L^aaJI JjL^j ^1 

** 

Jixlj L^i jl t JL£JI 3^ 1-^i 


.Ifl 3a> -ua 

I3a^) oLjlVill 3>-° 2^3-° ixlLaJI 4 ajL>3j3J! 4a^1Vi 11 Jjl i£S* 

.UjIj IjIa Jlaj Lajj *b3f^ u' 2 3^ ‘(^e'j J 2^ ^ 

•% •% 

Soi^a Sjj-ua Jl J*o$3JI Jl ^IjJI ^L^l 3^b3^' L4S& l)3&3 ^3 

j 1a * 4(3 ^uj U ^3 j3j < Jj IxmJ 1 1 3 a j J s) . 4 flj.S.^kJ £U3 I^J I J j Jjua LoLa. 

( 4JLu11 a3a J^Ljj |^C <]jluiU (J-A 4/klnJi (JJJLjJj t Iji^JjAS llxl I 3)1 J^ 

** " 

CaA^JI J 6 3L33I _ ><s -l J) II i Q-fljJI ^ya Ij^Lxo ■ *« Jlt ' 4 * a^A-3. ti 4_fluucu^ 

** •» ^ 

13a 3)^ 1 9 ' ' 6* (J 1 4^-L^ J IIjI j-Sac. 1 ^1 4^uij 


J jiA jH Li .4j f Lill Ixo o J)1K1I Ujl.Vld J £ *A\I JjuJI 

fi»U3^ll 1 3-A jlj ml ^jjl] Jj S J^3L IjLaxoI (^jl^ < 4 -xj I jj-iiiJ I oLaLaa^I 
(jju^Lc. A t<i , ;l Ixi^sw. 1 X \K.JiiT\ | j\AJLj ^1 ^ 3 ^ i JaAILoiII J 

4jjJajJI ((gujJ^j)) J p, 3 : ?^^ Aj^a£.I Lg J^LxU lj^£.J .djj 

Cjojiui r xu4 .Sio-Ji 

3 ^ LoL&j * *i 5 a ^c. 3~^' ‘1 ^*-° l o_tv>^lL% (^^UJI iM^j^Jl^g ^..a^JI 

V» 

3)1 Jj UjI itLflJI ^h>\ll 4^_a.j 3,1 ^jll ^-JxLujjj .^j-laj 4 (3 

3^-qa j 4-ujjLujI Sj^juxi 3 ^ 12 -fll^XQ j^C. 3 rGj jkjj 3,1 4jal tt\\\ ^ la n 

— Ixijij ^jA A 3a jJaiJI ^ (j J) ) Q^-A-Ia.a. & 3^_) < n a J-C. 1 a (3 fl n lr*\ ) 

3)fJ J ^ 03 ^ ^ ‘U^b *(j^ >1^1 — ^l^il 

«* *• 

CjLojLiiJI 4^j jLojI 2 * 3^ jLi ul^3n SjjlI ^ q-q ^11 13a 3 ^ J3_JI 





b (jj)^ > <;juj^ \ 4ii 1 1 (j_i j-4> Jjo (JjuoLflJI jj^JI > s 1 xtu^l 4 jIjj^ 

(3f jiaJl (j^SLj Lojj^ .(Jju^liJI Jl=*J 1 Ijjfc £_o lilxfl 4, a wLvll JoLLIj i a X 

Lo { JjL <Lo_ujLv 5j^ju3J 1 J as Xa I ">La ^iVill jAtt < X ! ,.." ^jjj 

** 

Lui (j-Xo (j^M JjLuijJI <jl ys jAil ^Jul .Ja^liJI JLgJI Ijjfc JlC 

** 

jOju Lo £o (JoLjoJ! ^-ii^Lxxu iJUfl 4j ubLij 4_ijJgj jg*j Jjl * q \ LX |j| 

(jo 4JU L^jlj Ja. ^3 ^LjJjaJI CluX I j! Lo jl k 4_^cjya jjj laJ 

! L5 i-JL ijL^II aXLUL . ^gj)A u,l I LL& ( Jlt. 4 Xj^ 1I 

*» 

JoflJ 6 J-xlouo L$J ^uu Lj jjl lo -'w'bLo yc IxLaJojI CjJ^I S Q j 

«* 

I>1a r .4lo^II 6 JlA jAr. f-LjoiJI 

Jl L^JI^Ig.! j£_oj ^ (jl (jo Lajj^JLj ^Hl y Ij^Ij 

4M 

I 4 J 4_o^-Ls»o jr\_C. 4_X^_o 6 J ol^fJu^o <l)ljj2& j>^Xj jjj t^jJoJLi^ . cl \ Q 1 1 

JxLaIJI JaI J)Oj . 4-1^. I oLaj-lVill 3 ^^u-ul I IjA jIc 4_o^_o jljjl 

4 u/uA Jl iijLjjiJI ^jLlII ^ja.% jJ — CiLojiglU fcjjfc £_o 

k-iio^j £ukLlo ^JLu 4.vl ojlII 4_lo.L1!I y$ Ljj^^-uo CjS^ s -Ls — <Lo^la_o 

«* 

Lojjj t 4 oj i I ojjJLlu*^!^ 4_laa^CuJI Ca L1a-ojL 3J I JoUM (J^ 

Sj^-ugj SjjJjq 4. \olc. 4 _oJLjlo ^ \.\d~ Cy* Sjj J_oJI 4 v^LjJI jXi^l 

t # 

^1 (jo ^X. ^JLa *4jbXuLi5JI c-Lijjidl 4^_g.^ (j^J * o 


• vljJLi o , d i , ^ c II 4 Ao S L^J 1 jj Q ^ L$ . ~ i ■ 1 * 4 _mJS Lii I c lAM 

y ^j /^\ fl b l t Jx ^aJLslS jrii c-ljj-Lfl yb 4ia. 3 ~> fl o CiLoj)jr>\.a JjjL*jJ 1 yialxaj ^ cU jtdl l a~ » > « 


•1^-5 iSJ3 JuAJ ■~ r ‘- “ - i ^ v * L^j Jho 4jtdjJaJI Ijl 4^_sljJI j I s a a .x>A frLij^i ^ aB L^bl I t^bj , • H \ 

.1^ dxL^ Job fl23 l^J Jl JIJL^U iLUJI jro ^LuaiJL, ilia fJbdl Ijlj 

r* j JoI^jaJI jia» Jio3 ^Ljj^ 4 iSj tLjjiJI bj|i 

- i a i-g iilijil Cj LojJa.il Li jUio f-^u Jo Sjjli 

f c ^ ^ ^ ** t 

($1 Jl ^jAaaj £&-iui *cJi Lq^ .l^bl 0 AO Jo y laoa. i^a Jj^j jl Jola-LI jA.I l < 4 ^.^ La 

3^5^11 jrf ^^b!l Ibo ol aj Jx. jj^-l Ljlj . ^JjlI I ^jjLj bfl tfl baj .LajaJ (JjJI 4_u_» j-4~'l l jj 1 ■%■ **» » I 4 J 

4jbiJJ 4AJxi bjys* j bi ’> . A .. t jl 4 Xj^Jcij |»l JjJI ^1 4 _ i ~^ .g i ll oljl^ii-ll k_>.Ua~j 3 La ole. <jl^a^l jjj 

>— I jJb 4_j j) 1 ui Lj CjJ 1 1 jj .lfl„) bolfc jLfl »Jj ^a^ll Jj jo Jja-bi ^IjD^l I > vlg- JoGj . Jj_^al Jo 

J^ J-° (Vj° 'iwAdJI ^1*JI jl .cLJaBJI j ilal£JI Jj.a.i^ij Jj jJI dSJjl ^JLol Jx 

1 <_)! LJ J l ia . a ^l I J-a 4jt jxixl ^jAjbfl i4jju 51^JI \5i j3 6 Lao Uflfl^a JAaj jl It JolI I jj j ^ .K j/' d /s j U.*. a 

‘ J » -oJL> ^O LoS ^ l a I I ^O I JOj iLobt^a. J 4 jjlsI^JJ CjLJjaoJI Juajjl Jl ljbi!Lujl ■. aa^ ll 1 ifl I 

« . 6 jA.-b.Vi ba^ 


T-r 



Cj *jj) ^ J IjJ I p-Lj^aa 


6 juft JjLi lli uja/iij dS oLa^Jau l l (jjdaO (Jj-ualiu 

Cul^ lj|j .L$3l j 4 niw.oll 4-juL>j_LflJI >3 CjJh*-* 3^ ^-ajiL!l 

4-i^jJjjljJI 33^"* w ^jjj tj^a II Ijjft <j 4_Lal5> 4^Lj>u-jJI 

.dLxu ^jjl «4juL>^xflJI 4 jlj0 

ld^-> 4 XoI£ Ca «ii J 4jxuLiiL!l dU^d-fiJI jjOl^S 3 ' ^jjli <3Jj A-a 

♦% ^ ' 

^ p p p P 

3 j3~ii LoLoJ d ^ ,y^ IIH 1 L^jl I ^ C.J I 1 a \ JH^. i Ijjft i^yA I^-uj'^ l^ 4 ^Oj) kS\ -k 1 1 

4j-LuLill 4ujiiiJI fj\ .L^jJ^iaJL c 5 jJA^ J-^ old 3 j^ o' 3 ^e 

*% 

4_^U-q J I Jp_^. I — R 4_iLoJkJ1 (3 ■ Z> v ~^ * L-iS* <La 6 ^jlj _) ^ ^ ^ 'II 

jls ,Sda*it jm\ Jaj .^.ula-.ll pi lo^UJI — 5JUJI 

3 j^e o' 0 ^? — i jJj jlxljj OjJ-^ Jl dJj 

4 4jj I juimJ I ft juft 4j_*Jalj 3 O^duu (jl 3j J dudp {(^^^J^u)) 1j_il 

** 

\juJ jjJi\ 3 ' ^jl ^jj^J .i3U3^' Af*^ ^ <s^ j-°^' 

£ua Lifll^iLa ^jjjlJ 4-ixuLiiLli ^jJcoJLj R 3[ uluua- idllj 3- 0 

3 I d^j Ljjli 4ftdJd-3 4 u^I^v4^j j*q ^1 'j[j .U jl ££^d^jJ' J^kjj! 

£_A ^LclzO d Q > 1 Us~ a J\£. duLUil l.fl 1 1 jx5Ql 4j»^JijJ (jj J J^svi * jJ)ifXA.l I d 1 LvTL 

3^-o.i 4 4j_ojLiill ^JjjJI 4_gua^ 3j • 4-1 a-=*^JL1 I 3- 0 &' 5~ <nll 3 ^' 5-^11 

44jlIILLjO oLa^jdu Cj$ Loj .^^1 1 3 ^ ddc. i a \ 0 ^ 4 - 0 pIaj cli j ^uxi 

J\ 'i tLS jlj (ij .4 a 5L 4l>U d Q \5 11 Q.l^lxu 4. u^.3 0^ 0^ 

** M 

33^-* Lql>jj pLi^-^J^uJL l 1 ju~> c3l^ 01 « 4„K 4ul 1 ft juft 3 ' 0 Oxo 

4Jal„ fnAJ Qua 1 , •> j 3 3 ' ^Jajxtu 4<(2ojjQ)) 4 a„ul^ 3 ). (J^^" 

llllc 3^9^* 3' ^ ' A^ dLlil ^yjj^J 44Jau»ljr\_A 4, u_Lfl^ll lj^ ^-o 

v> 

. *. 1 1 dll ja L^uu ^7i JjcaJ 0 

^jJl Lj^^^jjJI djuftLo .a ^ pi *!iJ d_Qt xn 1 \ 4 p'^-ua^ll ljuft 3 c. ld.A a,J 

«% ' ** 

^ p . 

ij) J-C. Lixi! 3'Uw 4a.ULflj 4dLj_»iiJ 4-l3la1J1 *ij! 

p p 

^^j d5^ 03 ^ Jl, 0 3> ‘" A-'a- {j j3 3^ 'Oft 3 -0 ^ ^^1 ^1 <4, 02 ^. 1 1 ft juft 

p p 

Ijj j^l j 3 I 3 j<jU"w » n ^ ^j' l^li Oxp" 'j^' J 

3^ ^'j upP '^j ^Uiil iLl-5 3j^j ^ 



J_xl! 6 J,hjui >0 l^i (i <j Li-^>J Cx^ji (5 111 «4xaJI la^ij Jx JjUU 
<jj£j j! C£~*i La O^i iJUJI J- ^fl 1 4^-»jII ^u3$iJ1 

jl JiiLo-o j> Jx jl=*! ^1 Jo T\ t i. i ) 13]jj .jjajLLU iLULil j\£, cL j ^ I I 4 jl 1 x 
^ jLu ^ ^1 ((U>^JjxJI)) <uk- 6^e LoX 6 jSLfl J *ji-> 

»• *% i ** 

&lfc 2-0 J-aL*UI J pjjjl Jx ^ ,wn jjjg rv *l_£JUa ilillaxU «^L j-Lfl » U 

• (^x>. j) j Jx 5 o J I 

' l>0 ^ ^Llu^I JJLuDI <GjOxl Lo Jl Xci jSli ^jXJ 

** 

Ijh. jnfl’l £^>iaj 6JJbk>. cLjji JJ jl LjUiix ^1 x 1 4 jI JXlxl Ijli : 

«* 

4lu^lli ULflji Jx jLxlL>.Ij ^ 1 jL=Jj ^^XjJJ Ijiolr. 

** •• « 

jLlol AjxI^JI 4xLLxi) JL=*-o I ^jl ^ 4 -LsLuuj i^^A±xli jlil 

~ •* 

jiix^n (j 2 -ua J^ j-® jx S-jLaji Sj^jusJi 

^l^xl ^ ^^lij tUj Jx 5j*lx clt pljj>.1 J-0 jljJU cl V ^ *< II J 

6jj) i .11 &1 a i> 'Or- ^ ^ jy^ 2 > ln.<uu . Oj< 

^ l' a* Jbf ^ Ja ‘l^U Jj-i 

l£ J ?** 1 ^ lj| Jx 5 -LajJLo » L^ALj jaJL*JJ Jx 6 Hil l j U. \ 1 1 

jxl IIa ^3 ^^Irnil Jx 4_ulj-dl 4 JxxJI J^o jvi^llx Jx 

o5>ll J Sh\ Jx ^Jlix^JI 11 a x>}\ t 4xxJ| .^ U lU^l l ^ 

jluluj ^Jx Jjjl 

Ji Lu ^b J ^j 4xa-ubjJI jLo nt l Jx J-ljl^> CjIIiIaj JaJ 

o* (< }> ul j^HJI IxjJ^o Li^l j 5 4jl 

olj l^xiKxl 4xoLiJI ^jLlLI jy±xj 4 uUj 2^°J . 4xill o ^ jlx 

i — ‘Wl C ^kun l u iLt — ^ u 5LU ^Jl J^UjJI 
f Lxo 2-^' 3 ^ ,4 xo^J I 4x jLxJI 2^° (J-oLxlil fiLx^lo 

jU L^ Ai- i 7 j ^5jXabjJI jjJalJI J jl Sj.A> 6 XljLj 

4-fcjl^ll 4XiijJI ULoj t *JL!A^ 4 jj£J ,, U .a,i.n — ,7, — Ulj 

T* 0 





J 3 jJjj (3^ . JjjlTi ,Vi *1 4->jJrrv,d 4 fl-u ~o -L*-» 4-AjjLxJ' ^j£* OH J)- 1 ' 

** H 

U JL, L*X»JI £-c J^boU lis£ 6^j5b ^ Ai dij 


O-^ 1 ^JUl 4 Li~0> 

4-llx ^-aJfia-ujLi 6 -QXxj ^JuXaJI Jxjljr\Jl a.JX O' ^X. J^'^' ^ LT^i 

^ M *• 

f. P & 

(jl j»<u <Gi •M-/'- 1 ' <»■«• o 6 - ^eb a j . j>-^0 Jjj%L 4-1x3 , ^ l^)j 


£-o 4xo j^jxlxxll Q^-o i ^1 JiLa.a jxj Jx cLLuu 4-1 Lx 3 4 *n iH ?^u=u 
^1 <0ljx 0^^-> cl^ 40 ^ t(jlxxl ^juo^-o 4xa£ i-o^OO-* 4->l £x 3) 4.Ufl II 

0j J ^ Jljlxil b>' jL^' *JLx J J-^ jx* 

^LUj 3-^°) cxsj-o ^UOO jjx-o o^ ^ tJloOx'liJ ^Ux> (_^l j^xj 


.*j£l IjS iJtx 3 ^Ulu JUu, ikUl oLi .(iiL^JI <>l \j£i\ JU jl FAPP 
Loj £JS I^J I 3 ^*SS~ * ^ 40U — « ^ x iA^J I » Q Q n ni 1 flxU — Loj j j 


4_fi lx£J I 4jS j J. JLX. 'JJ 4.4, U 5 1 1 4_! LJ -lx ^J I jj-lajJ I 4xi£. 

4 K /no ^c. ^uslilll 3S Lu 4 5 aS ~v 3 0^ . <( 4xx5 1 jl! )> 

*m ++ 

3 ia-jj ^ 40 [ Oijx — 3>loJI J-ixOJI 3 cjx-udjI Lo^ — 4-1^5.11 

3 0 111 '3 ‘40_lo J I 4xx 4 LvflJl L-Olfl lj| Lo jS*^ 40 ^LuXa <_£Lu3j 


• Cj^Ij SlxxJJ 1 IjO 4JLx 

jx (OR) ^jux^il Jljlx^ll j\ J x ^jxli ^jJI ^Ij^iL JUOj Lui 

«* •* Ml 

UxL)) *4]^ 3 3^ 3^ -i^LlJLi JjXxixu (^Li t4xo^JI 4jjjlxJI sxIjtOLj -1x1 

05 -ix JjJ Jjx-j ^J [o^-ajJl] c-lxxjl 0 ^ ‘L^£- 3 ^ I 

^^X^-iX^ll J 4xixxJ 33^? Uj^ 40 1 4 K nil I 0>^J 

«* •• 

5 y\-i^ 4 xJjx-LI 4x>l^woJ)-ll CjLj^jJ*.! O^ 4 J ^LflJI oL5l.< n ll ^xoj 

4-ljlx 4 jj_1xxx jXjj t ^ 4 U fl.,1 1 4Jlx 3 L>o^) Sxs Ij^-o 5 ^^-lxj 

Jjl Jj L^xit JilLI jlifl^ll 0 ^ 0 -fiOcl 4ix^>il 6 X4> 3 j iijjxxll 
Oxxj -lx 3| Sjxxj ^jlifll Jjl JXJ 4 iJJj Jx Sj*blx .4xUlx 
i^^xaiil 1 JX -LX jj-ix-i j' 3® ^ ^ 4jl -1XXI L aj Q U"ij Lxfl 4-U. IX fl j 

jbl^^LJ jXi-j J IjJ. 1 b 1 ^ JSSII Jx ^li 

*» 



3»S ! j 1 ^Xi Lfi t I j O LlLo-3lJ I 6 J-&> (jfi-l 4 1 xs~) J 4-J 1 ,en~y I ^y2i j 

^ c 

P^Ij Cjj J_a* 4 XjJ5..:x *^j^J — «Jju3t_> Xa* Jl J rili ^ Pi yX)) jJjj I JX /jl Jx 

£jLi> J-^ J £-^ S? ^b-*^ 

Cxfl^Ji (3 fJL»13 4_uL>jXjJl ' ! i^y^t jp^n/v \ 4xwfl.„fl \ /jl «- tk" 2 -li i Lo LLu 

j ^11 ^ji Ixilx t4^u-Luj 4x2*JLxll 6X4> jxxplj t ^_lULj .^L^Jl 

«* 

Ijj^. jv^.11 3° 4_jl J.JljlC. 1^ 3° 3-*^ L&Lajufcl L^j ^xjl^-,j Jj! /v-P ^JLJI 

4^*^!! dUjSkj 4 4_ijjljjJI^ Cjua-jJI Jjl a £t_Ll 3 t_jLu3X.^H ,J > j 

. Jj»xJL> qjai * LL Jjuo^lJI 4_i^ t •%.,! jjjuju j \ ^ 


4 -V 1 1 j* 1 ^ ^1 W~ / III cJ liJI 4 _juo 1 Ijrxl (3 JjQ li AU j iuiLUIl 4 -sL^-J 3 

M 

<UuLa 4jl xxua ^U 1 (3 1 .a^ I !jx jJI i i ^ AuJl^g 

(s)j (’) :$-? *4* j^J'j 

Jjlill J^k ^jLDI j^AJI <Ja 5 <>a jj Jj-uj lo£ .(j)j (^) 3 

«• 

5ji\^.ll 4 1^ 5 \ 1 1 j^La idij Jx S^'^Lc (I) ^GjjLLLI j jA>Li5JJ 

J j J1^33 — ^ ■A . L ik ll jLl^^L JIaIj Uai — L^ixji ^lll 

•* «% 

Ij^J cjjLL^.1 jJs 3^*4 oLuxLijJl ^0 J-oLsGJL 4^1^11 4 im.ll oljJxJI 
j tj Jjm. 4 ^JLx-o jLla| J| < J1 slaux> Li^ dJj^ 

^011x0*^11 j^-^.11 (jLs .1 i 4-^2 talwijuaJl Ijx (3^ jxl ^jJI 

M ** ’ *• 

tOjLliv' ^l!l ^iJ! Jx 4x»lx Sjj5 (j! 4 ^JLaxJJ 

•* ♦% **• 

» •* C- f- 

5 j jJiJ! 6 .4i»jlk 6JJX-2LJ ^iJi Jx 3^^ CJ^i 

-JJ $ . ^ 

3^1xj L^ j$. 1 k ^ 4 -n. 1 Ljlxj pg * j 4xo^^ I 33 ^ 4j2*.L^. 3 ^ 

c-ijxl ^ kiilJj iaLi^L) . cjLxisLjJI l qnL-v. > pl.i, ji^j l j-\i£Jl J x 

«• 

i_jm.lj-uJlj 4JLxll ^1 3° v>^ ^ Vi^l p>-45j*^^ 3^- Li.ui) 

«• 

.l^xk 3 ° 


T- V 




J/VJ jpdUW 


^Lj^JI &JLt2ijS 


jxi J , Jj^ JK.il jJ Jut llb,^ c«j 3 .oJlill JuabJI j 

•* 

C£*i •il Jx. dULi.1 Jj *sl ^Liu^l ^1 J sj£i j^ ^IJ^I 

** w 

♦ * 

JjOauj S^ryS Jl^uJ j (J^LUI .iuLoa. olel ^.1 l^KU_« 

J 1 ^ ® u-JJ ) 1 < n *j G Jj^u^ I l~^ ^J 4_iuu2i d ' ■-. ■> I J x \ 5" J J ^< ■ >s 

ISJa 4jl dJj v lxJ dJ, -yr^GJI Ul iiu j ^ ,o 
«5 IajJ] iLliJI ^i.» iJLxill 5 jLuJI jl ^jxj iLlt i^^ijl L^j ^1 

f *• 

.^±AJb\ Cilj iiaoLj 4 aju 4jL 4luaJI ixudC. Jj^a. pl d ,^l ^ I I 

JaLi) P iuUitu ((SIa^b pI^I (/i <ul Jj^ Wi ^ U 4jji3 Lj 

jUit'ill jIai Jl^a.1 ajUltL <o iflll) Jj.ul.no ll>l (S^iK s J>uaj 

G(P) gxalj ^Luik (juiljlil £_iuaj ^jJalxuj i4uuOjL»x ^jl JjJ <ulc 

^Juxu j£J <iiK OL^JI (> <U UJUp <GjL> J5i J |JJ UJt C^Oj 

^1 A^uxJlj .P Ju^SlI ilAjjJI pI^. 1 Jt <uk J j I I 

4^LJI SjLxJI Jx*j da. Jl ujJUxJI (> Ail J Jlai; Ua l$JI 

i.1 (> La^j Jj^. olpltj'il ^Ul jjxkUl Jc i^UI G (P) d.UpI l 

** * • «» 

p p 

L^il lr»l 4 .5 j ., 5 a ^ <-i^u Sjja^a. 4j^Lj 5jjU 





-v v <dJdi 1 5 lU , jj . P pl^a .^1 ^1 jdJLujLi L^JaLxxLujl <_) 5 J 4 j fl . ^ 

Qal pI^a-uj ^g_>! — ^ 2 ^ Ca^ 0 -0 — (*<3 “ > fl > 1 

.G(P) SjLxU ifiULI ^ubLJI oljLotJI 

p 

I ft A fr -a Jj 4 -ju^Uw 4 ajubLjj CjIjLxxJ 4JI0I dldfl-fl dJj £-*j 

j I oLaJick^cxiG a^-J jJ C- v ^a d m .* 

aLc ^ a I aTa I jUjl „\q j . jLl*_U <_)1 m"v 11 0 ^wLaJLluII iiLL c-i'bLL^ 

•4 

Jjlj lalfljl S^^aLa-o i 3 . 4 -ua lA 5 j jj^aj jJ -Vi Ll CtS^ JIj-o 

I ja s_sjb j I3 .if '«~.e. i All _>iU ol^viU-« *IDI jju) Dan Isaacson 

l jjJbj ■_ . l*K 1 1 SjLa Cl * u\g La Jjl£- Liaxu 4 dc <j 5 ' ^ Vi 5 . 1 <. ( <_.j LS^J t 

^1 4 dl jJlIcI Ljl^ i ^ 4 ^~ujIj 4 i^j-*-U 4 ^J ni l (JLlLI 

C- P 

t>° csj^' J‘ ^x* cs^ ^dji 2 -^j* o' 

«* 

p 

. ' r ' J J j_a. ixxd ji ^ jj 2ys 4 \ idji 4 -jl (j^a j uo^> Sj^Ull 
Jl jl^V> La£.J «SLal£ l£ 3 jJ | jrddu J jja 4 j-id ji 4 -xk. j 5 ^j La dljJ^$ 

^ P 

4 \ei j^jlj 4j I \ v I 1 ( 3 ^ * 5 8 1 J JlxJ I 'bLOa l ^g *■ 1 ^ (£ 1 

: 2 JJjlU Sj JJtda *-4~* J-uaUk^ 


;81 - 512 + 64 + 4 + 1 = 2 y + 2 6 + 2^ + 2 


►o 


<581 J Jl*JJ ^jLaLII 0 A a t H 4 r 1 > , JaC. 4,u a t Lo Ij-A d[) 

4# 

j 2 ^1 Jiaj jjilil 1 j^lJI ol ,1001000101 J\ 

(( ^jjjuuj^I I » ^jl Ja-A.'blil (j^oj (.ixiLiJl jli-ua^li Jlaj \ *4_! jLxl! di 

4 5 >j U i ! a t 1 ^ \ \\a\ 1 .A \ \ ^J£*aj 2j 6^ 9 jljc'^ll (g\ *4JjLx 1I ajA ^3 

(2° = 1) J jlAcU (2 = 2 1 ) j (6 = 2 2 + 2 1 )^ (9 = 2 J + 2°)] 

:Jx J^il t [(2 l = 2)j 


581 = 2' 


+ 1 


+ 2 


2~ + 2 


+ 2 Z + 1. 


JdlajJI Ida (Jj J-XA 2)5. aj <3 (_>*j^!I j-4>j Ida vj (j"l Li^-^ Jlj^ 



JjSlI J^iU 


(J \ \ j&& j (3-2*4- 2°) 4l=*^l 
581 = 2" 2+,+1 4- 2^ 2 + 2 + 2 2 + 1. 

Jx.^1! jl JUljJI (^uuuu^JI £A J^LsuJI Jl J-Llx-OJ ji t jljjtSll ij-mjJL 

.Lg-XO 

‘5 jlxxJI 6 Jx. 4, 1 oa m . J l Cj LxLoa JI ^j-o 4-Xj lalLo 4 1 .ml mi J^xLxj (jSlIj 

^ I j-Lj iLuLJI 6 jx ^ 

1 jl a1&j ((^U^!» SjLj (l) 

1 (-) 

.4_EjLJ! oljLxJI j «2» jjjJ! jx (!) J 4J1 jLidl 

6^ 5 a 4q 3 t^jlLa oi— ujLuj S iiJ 4 ^Xj 1 , :ua w>^>i ,\ j o -> J Lx. 3 * \ 1>~ 1 1 \ \ 1 1 

' w ^ * v • *+ • ++ C- 

SjLjJI (l) el^^ll Jiki l_a_U£ OJaj Lo ^jSlI I \*\ .\. j 

2 ^ -oil pJO-J t6*^Lc.l 581 J JJlJI ^yC. j\ Jjl-lll 4-0 JlxuI I 

• i s i 3 


3 3 3 * l + l +3 3- J + 3 + 3 3 + 1 


4jjL*JI iflj^JaJlj <CLtj£ SiC. .lajjj 40 ‘jjZ-* JJ£. >£j(pl ij 

*1 dlj jju (.133027946... :JLUK L^i ^1 

«% 

» *\ I i ( ^ 


3 :U1 + 1 , t3 3 +J 


4- 3 4- 3' 


: Ijjla tLla j 40 Ijjx ^ ^1*31 * Ijxj) 

:Jx J^ll ^1 Syo (1) p!^I ^Ij (.133027946... 


4 4+1 4-1 , 44^+4 


4- 4 4 44 4- 4‘ 


r\\ 



in in* 


.jSlh, (.12926802... :JLiM 4i,hj <llij 618 > <jj£u jjc ^a,) 

: J-ua^lJ 1 jjaJI ^j]o (J\ (w>) *!>=*)! I 3}}^ 

4 4 ' 1 + 1 + 4 4 ' +4 + 3 x 4 3 + 3 x 4 2 + 3 x 4 + 3 

^jLaJi j-L« j*Jl 3 ^ J£J JLLo SjLxil 6JA 3 n >4^ j ^ O J..^> ) 

JJ-JlJl Ja J 1 10000 JJ-*JI I^ya 1 LoJaC. ^j2u-JlJl ^Ufull 

: Ja (l) pj^.^11 ^1 jrkl <nL>j (.9999 

5 5 5+i +i + 5 ;V5 + 3x 53 + 3x5 2 + 3x5 + 3 


(.12/4... * J lli L 4 ju I jj 33^-* 3 La-fi j 10923 2) j jx. ^aj ) 

,/^q J21 l^.na.o,rw 2)1 «U La ^-Lj ^JxJl 3 cTiLL-il 2)1 

M 

Jjftj ^^^.1 S^-c^ . j ^uLu*^l SjLJj jJ 111 ^ ( 5 — jj+J Lu*^ 1 La ) ^J+J Laj'j 1 

:Jx (^) ^'j^)!l 


5 3 


r” :> - 


+ 1 




+ S 3 "* 3 + 3x5 3 + 3x5- + 3x5 + 2, 


. I'iaa 1 x" ml jjJa (*_j)^ (l) JjjpIj^.^!I ix~i JjxOJI 4 \l^c. ^ j X\ . . i\ ^jl Llikj 

^ f. fr •$ 

2)-^ 2)^^* 25^ — ji-u Lo Ja — Lallj jl jjl jljx^i 2)1 J^2JL 

«* 

p p j*i ^ fr c 

jil :dJi£ ^ ^l jUj .±si\ Jl ^ a \ 441 i ui I JA 2)1 JLL 2)1 ^jj ■* LH 
^jJl s t^jjl i* JJjlII jl£ LI 4l| Li Jjiil 4_3uljJl 2 L-*+j 

!j2-uaJL Lllj i_iLLil jL3 J ^ (jlVi Ljli t(581 jjjJL La LIjj) <u IjjI 

«* 

c 

6JA dljj'^ £jjl^Jl ^ 4l£J iP^pxJl > \ \3ijL lj-cl 11-A jJaj 

4 3 = 2 1 + 1 3 jjjlIL ^jl IjjjJj il^IijAru ^jLUl ^ ^\>1 4 <xlja^J1 

^aj 4 j jjlJ 1 ^1 i ( 3 , 4, 3, 4, 3, 3, 2, 2, 1, 1, 0 2 j n> 2-^^1-uilJ L^ 

: JLJ1 ^Ul Ja J«.Li,:> Ja J.^^\l ,4 = 2 2 LlJ 2)^ fjAl 

JJ* Jl 4lU J11 a 3 4, 27, 26, 42, 41, 61, 60, 84, ... , 
.(>ucJI Jl ijl^UI J ^Ll 2)1 USj 121210695 2^ 


r>r 





4 1 ^1 3J3 3-° 4_j!^C 3I 

•* 

3^ ^^33 • ^ ^^£u3lj^)J! pI^ 5"| m ^tl ^XjjuLj cJljjJtil pl^3fc*!sJl 3} IjLllxol 

4 jj > . n 4 axoLa^ CjIjLxC 3I jJtX. 43 -^/lU 4 1 wnj IjJ a, jJLs ^3aLi^>JI ^l^flJuuj^li 

' *m 

Ijjfc (jl dU3 ^ j * j .L^Iaa5 Cj. * -1j l a 71 (J^J 4^Jl^lo ^Jia3 S ( 71 ) 

k» 

P, 

t7i 1 4JU (3 4^xJu^-ju3 4juuoLi^)JI CjI jl \ a H 3 I 4_j1jlJI 3 ^ * 

U^l J 4 , \ mu . 1L> 4^w \ ~\ <n ol jLxxJI CjliI^ 131 4jl 3L13 J. * > ^uo jj ^3 
J-c. 4_*3L2uJl 4 Jjuo^J! 3^°^ 1 — J 4jlao1JL 1 iA 3 d ^ t^w . ^ 3 3^" -■■ L^_j| 

:4_Jl3JI S jL_*JI 3J3 


l+2 + 3 + 4 + D4-***+n = — 7i ( 7i 4 - 1 ) . 


6jL-*J1 3^ ^4 ‘-^3 1 3 4£j)3 t^ualdjJl p1 j 33 /i ,) ^l I ^Ig^IxuL Ijji CjLlj^Ij 

p 

4j I w , \ t v \ dLi 3 J * -^3 ‘ ( ^ << o 1^ I J ^ ?Z — 1 4j Uk 3 4 > -v jx*n d 11 A I 

Liijl 3 j^ 3^1 — I 4-l^uIILj 4-^.j-n i/>i SjLlaJI c3l^ 131 

*t3jjJ 3^ — 4_i_S dLd) ^ I I jj5b^ — 71 + 1 _J ^Li-uijJlj 


l + 2 + 3 + -*- + n + (n + l) 


^n(n + 1 ) + (n + 1 ) 
|(n + l)((n + 1 ) + 1 ). 


Jlo3 P c3l£ 131 43 ) tllLic (Paris Kirby 4 ^ .a^ I L 3 } 

«% 

t($ jLlaII 4 diLia3JL l 4 ajLo^J1 CjLLojJI u-uL^k. 3j) pi j. 5 "w * ^ I p| j^.1 

A p # 

UIujj .3y2uJ^k ii-ubji Sjj-lo 3 G(P) 3c 6 J-Q jr^jjGJI 3^ 331 

^>j j~ 2 k. ^uaLjJI pIjijLiXj^l plj-^kl 3 I jl&\ xj 13^ jJ 113L 3J3 


4 ^ . J 3^33 3 ^ ^ 331 ((43l 2k^ua 

^lj^3JLaj3 4 jl1c 4 \A j^ II 3-> L5 4 \ 


3 ^ *K ^ll l ._tx \ ^3JI ^ 3^1 33*^1 

M 

4 fl J fl -Tv 3 ^ ^slC^JG (3JLLJ jy^ 4 t j a 


^ 4 -aj-o ^3 J3& «43 j 4 >j|J 1 4 jlLL 5 ^ocw 3I j£3JL j v I I 

3i 2 ^“ J-^lj 3 4- a k. j^ . ^o 1^3 1 Jlc l^J LiliJj 30 J 1 \ m > 

3* L&L^AtA ^ . Xi i. t l ^~*JI <(43 a^aJI)> 4_lL^aJ 6 1 \ ~*k 1 1 ‘ ** * I j) K II jj Lvt 3^ I ^ 



JixJI 


3 •_ ^ d \ \ jx 4 aX j^JJ 4 *juju(L> n i J^-^. diu^Ja 3 J. t^Jal^JI 3j • l)^® 

9 

transfinite ^.vdl cl jS^^I» d^lc. jJLkl U jx 4 JI 0 SII x=J 

^ .dll js. Sjo5 CjLJ Ijx ^ j£j .JUJI jL-JI ijj .((induction 

3| JjiL) (^jJI <( jlVlll)) jJil^l 3 UaL a i lj| j^iJl Jx 1 flS * L^ u ^ - ^J 

JaAj Jj>. Jl SjjiJl 6JX IaajJ j jSo 3I 3 ^ a jj .d <«n 3 ^-^ A 3 ~?“ ^d>0 j 3 
JJ Jaxj Lq ^ .(^lXujJ^^ 4 juXi^flJ d-iJ^iJI Cj^ LsJ I JJX d_ujlj J 3 Cr 

^JlL^a 3I jl^ ^1 ^aj-ujL> ((^JJ)l't^>*A.ll » (3 J-^L* Joj null (^—j) 

M 

A li& j! £* «*,A L$lo ^ ^ Jl*. .^1 ^Js lUlj ,i;L^JI j LLJI 

. ,-il jj U»^-l l Jj JS SlSLl> I J_l£- '~ IM i 

& 1 

^jp ^ 3 ^-AJ 1 * * ."^J-Li il ^ ^ flj I d_i«u2> U. I dj^ I JX LlJ (_^ JJJ Lo^ 

jx J a! * " djJuoLa. JJLJ fljl ^jl . Jxl^iJI iiji.SU 

J-fc — cJljj)!l (jli ‘^*>1' o*- Jj^UI e c£^J' Ul >JlllL.j .U^ljjl 

.ljjA*.JJA ((|Vfl ,Q II )> Lo JX dxujLxul d i. lAl J^J J wiA-S Lo 

* C' 

J£.l^5 3 lx j-x-2» (j^a-j ^ j-xLx ^aiA"u c-^u Ij^ljjJ ,jl j J-u jU jJj 

^ M 

\t 5~ r.\l 1 1 dj^S ^jLlxuI J-C*^n d fl \C “V (3 (S^ Cy° d_i_iL-uj>. 

. (( djj ^ rX Cj 1 jJ a C » (Uj Ltu^j I (3 1 <X d-X I aJ I IaJ l-*-S I mI j 

JajlJU j dill 6JX 3 d i a\ ((CjIj-*J» cJllA ^ Lao 

6X^*1^ Jx d-xljJI 4 _lLLxJL) d fl 1 **lI. 1 d^l,n,^JI daiLuAfiJI ^>ia-UI jLuajl 

3 1 3 Jll l^_)JLjJ I 6JLA VA V> ^d t.nl /111 do 1^ .^I^jLlII 6 JX 3^ 3^ 

^ ^lll iuLu^JI oldljja .^1 ^j S\ - * . \ 3 ^ ^ ^ 0 Q 1 1 Jx 

M ** 

3^0 L^lfl^JLA 3< ^ j 1 3 ^ Jj<- > LajJJ . 1 a>.u 5 i* ) w i.i.xAA-> 1 *> 3^-^f 

3 < 1 ^ d 5 .a ( ^X 3 j^j ^1 * d-XJ LJo SjJ 1 <Q ( d. ^ t -v 1 J l^J Lull 

3 oljlVi .Shadows of the Mind 3 .dAx^iJ Sj^j-oa 

(J^ ^ .daxtflAoiili dlaA^ll Cj1j-*a11 6JX (J^ JjJljJlj j^aIaJI H 

jjj . 1 Afl til ^ ^a».jJIa JxUol jaso jx CjlxjoX^il 6 JX dJulxiJ 

^ . “uo ^lxo Jj_ UA-fiJs 1 3 a djl pljiJI (_>Aaa J^a 

** 

( 1 L«Beyond the Doubting of a Shadow» 3 l>x ((dbjji)) il^o 


Y^£ 





Notes 

(1) R. L. Goodstein, On the restricted ordinal theorem, Journal 
of Symbolic Logic, 9, 1944, 33-41. 

(2) See also R. Penrose, On understanding understanding, 
International Studies in the Philosophy of Science, 11, 1997, 
20 . 

(3) This was shown by L. A. S. Kirby and J. B. Paris in Accessible 
independence results for Peano arithmetic, Bulletin of the 
London Mathematical Society, 14, 1982, 285-93. 

(4) The reference and www address are cited in the footnote 
on p. 175. The more complete printed reference is: Psyche 
2, (1996), 89-129. 






iujLsJb J 4 I ilLaJ! Jljiil o ,LaJ 

•** ♦ * V w V V ♦ « V « 


,J^Xah_» Jjl ^-iajui 4j L& a la LLl jrbfli O-a J^S i^lllLlI (JjuajflJI (3 
♦* ** 

jl 3 JU. Jl — 1 ^-.^ il&U i^ljl ijiJ — 

£ - c f- 

1 0 lJ^vg .4_fl^J^LoJJ £jUJI jjx « ^joj LJj )) fj} pljJ^l dlLuk 

jLuaia^L 4aJ| j Liill) <UL*JI (JljIL^.1 CjJux 1 <4,\ \ a s >1 jrLfl^l IjL^J 

i_> j L jk. ’ll 1 iSLL ^-4 £ Cxj_=>» < 7 = h/E iil^S *JLu L? l^j ^LJLcu (OR 

4^jLoLaJI 4j*.!j^lL J1*1 a LoAflj .(joJLiJI 3 ^ 4^1^! ^ 

i»lj)l iaj'UI SiLkJI £ isLUl jyjL 3 I jS-oj <rigid displacement 
33^3 <^^>.a.^!l 4 HJL^j 4ju jL»JI JLi-o 3 j ° ~ /.^ II ^liL* 

4ujjL^JI JU» 3 ^ <USliJI > 1 jL^HJI 43LL E jLux.^1 lLsI^g IIa 

.j^ClJLkJI (3 II ^j^jJ 

SjrLflil 3 4JLuil 3 Li l-JuLi 33 ^-Lj ^3 j-=* 4-fl.ia-v 3 

j3^!lj (_£jlal 1 a&J-’v) <<_»LSL1 I Jj^JI jlj-uaili Sia O-ub-CLi! J*' 

* ** 

^j£UlLuU ^l^bcL 4 _£l£A 4-5'blx. '13J J .(gjrLfiLo) 

^ «* 

3-o l Vv^Lft" <LLuaJbo 4->jJaj)> £_ub I ^J ^Ju| 4_i^ JLfl (_£jJI (^Y (j-a) 

(Y ♦ Y ^^ 5 ) 4 ~ Irt-V ^Lo JlC. <<^^jpJa^ll Jlj^ia^l OJaj .^ILo <— >Luia*. 

•* ** 



jJUJIj (j_r ^ Jl 


\i* j Ujl^l ,j£XI ujUL ilLGil iojLuJt ^UaLOjj 

.(N • 1 

p P sg 

<JLoSLil aJlC <U J) An dXoXfl ^jJI jl Jx p yS* d l £-*^1 ‘4J-^ 

’ M 

^ya (NY-l) ^ niSli 3j (N * N V L£JI 1x4 3 ^-ub^-« ^ La£ 

jIajj qL^ jlc 4JUl£»I Jl) Shadows of the Mind 

olyU>ljL» p^xxj *(N^A^ ^Lc (jjjjJ ^ jJI <lL^JI ^Ijis^L 

.(cj ftj) G ^jUUl cul5 .JSLLd ^LLoJLl 3x«iLJ parameters 

JjAi-j-ou O^ILaJI <— fllj Xa-^-J ^ 4jl 4 fl^La lj-4 pjLa^JI ^XC 

dljAcl i .;N 1 -^ II gxualxu Cxi Ixl j . 4 -olx 6 Xalj ilia L^_J 1 Jjxkd <jl 
X^Liaa tXXa^o £-juo^a 1 0 j3 ^ j Axia «4aAx<a^-o X>^La » 

JUJLj .iiuall olj E yxlalll SSUsJ i^L^ i^S Jx J ^AAa 

6 X->X 4 cAyulj £-a ^^jldJLi La J- 4 j <il La. ia^ ^JaaJ Jl >- >xal Jx 

XXaJ J (jlxu ^ tih A Lo C^la X^aj ujX .Sj£*a iwS ii^K^ 

(iLAill) O^LaJlj < 6 jtOlLo <(uj£Ijj Cj^ La)) LxjLlIcI Cj^laJI 

J'bla^l 1x4 J J^) .OLSWI 6X4 l^xfl JaXi J c> ^ 

' ** 

d 1 "< ij^J d w 1 1 \ I L^j 4 ^ g- ^ JVS ^-L I (J I^JLa .^1 1 ^ liA >.1 1 ,d fl / E ^a£. 6 Jrt-fl 4-1 

** 

^J^jj iixxa 3j (.£ = 00 iJUJI Ji 1x4 t ikx> J Sjl^a iixLlo 

****** ** ** 

.islIaJI j JlaU iLa olj 45^1 <KJU dliA t (\^A^) ZjXJi II 

p ^ 

jl5 t ^ \ \ a > Grassi ^ol 4, ?v LI 1 s > do j 

~ 'S 7 ** ** *» ' ** 

jrGal^G . ih ^. i 4_k^Mll ^-X ^\ 4j ^ ni l I 6X4 

^wj£. Jx « 1**11 iiMUl ^Uaxajl — A ^juLuj^II J^JaJI ,3 j4j — 

.L) A jrLoljLiil d \ t * a dALfl ill jLixa^l ^ 3 } /n ° < 1 x 4 

«X" ^| Jx*!l ^Uaill 1 X 4 J iJLa. J'jl^l iiL c ij^ Jj 

tA JualjLJlj iixLaJI <La_iill L4 j-Uq X^L 4xJoxq tj tlj ji l A^i x ua . 

. ii Jji 4JaXj (3 

iUl^U} Jlo jLal JGaljU ^xll ^Lt^JI J ill 

(dL^JI Caij) 4-i-uiLtu^l XuI^jJG IjXa^o <jl t -J. 'nV J ol ^1 
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